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PREFACE. 


Eighteen  Ybaes  have  elapsed  since  the  Author's  work  entitled 
'Adulterations  Detected  in  Food  and  Medicine'  was  pub- 
lished. 

Since  that  date  the  knowledge  of  the  subject  of  the  Adulte- 
ration of  Food  has  greatly  extended,  and  the  methods  for  its 
detection  have  become  much  more  definite  and  precise. 

During  the  whole  of  the  intervening  period  the  author  has 
himself  been  unceasingly  occupied  with  the  subject,  having 
made  numberless  analyses,  and  having  been  constantly  en- 
gaged in  special  investigations  relative  to  the  adulteration  of 
certain  articles  of  food. 

Although  in  the  present  work  the  Author  has  followed 
somewhat  the  method  adopted  in  his  previous  books  on  the 
same  subject,  yet  the  volume  now  published  contains  a  large 
amount  of  additional  matter,  several  of  the  subjects  being 
treated  of  for  the  first  time,  as  the  articles  on  Food,  its  Func- 
tions and  Quantity;  The  Preservation  of  Food;  Unwholesome 
and  Diseased  Meat;  Water;  Aerated  Waters;  Lime  and  Lemon 
Juices ;  Cider  and  Perry  ;  Tinned  Vegetables ;  and  the  Utensils 
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employed  in  the  Preparation  and  Storage  of  Food ;  while 
nearly  the  whole  of  the  articles  which  are  not  entirely 
new  have  been  much  extended  or  entirely  re-written.  The 
Author  has  therefore  deemed  it  best  to  bring  the  book  out 
under  a  new  title,  and  not  as  a  fresh  edition  of  his  former 
work,  'Adulterations  Detected.' 

He  now  desires  to  record  the  obhgations  he  is  under  to 
his  assistant,  Mr.  Otto  Hehner,  who  has  ably  and  cheei-fally 
rendered  him  much  valuable  aid,  more  particularly  in  the 
purely  chemical  portions  of  the  work. 


St.  Cathekinb's  Hotjsb,  Ventnok  : 
Nowmher  1876. 
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FOOD: 


ITS  ADULTERATIONS 

AND 

THE  METHODS  OF  THEIR  DETECTION. 


CHAPTER  I. 

ON  FOOD,  ITS  FUNCTIONS  AND  QUANTITY. 

It  will  facilitate  tlie  compreliension  of  much  that  is  to  follow,  and 
enable  us  to  answer  questions  which  will  he  often  put  to  us  as  to  the 
quality,  genuineness,  wholesomeness,  and  quantity  of  the  various  lands 
of  food  consumed,  if  we  first  hestow  a  few  ohservations  upon  the 
functions  performed  hy  the  several  classes  and  kinds  of  food,  and  the 
amounts  necessary  to  the  gTOwth,  sustenance,  and  maintenance  of 
the  body  in  a  state  of  health. 

The  bodies  of  men  and  animafe  are  built  iip  of  several  substances; 
some  of  these,  from  the  fact  of  theii-  containing  nitrogen,  are  called 
nitrogenous ;  others,  being  destitute  of  that  principle,  are  termed  non- 
nitrogenom,  or  carbonaceous,  mineral  constituents,  and  loater. 

The  principal  nitrogenous  substances  of  the  animal  body  are  fibrin, 
found  in  the  blood  and  muscles ;  albumen  and  globulin,  abounding  in 
the  blood ;  gelatine,  in  the  bones,  tendons,  and  ligaments ;  and  casein,  in 
miUi :  while  the  chief  non-nitrogenous  constituent  is  fat ;  they  are 
identical  in  tlieu-  ultimate  composition,  and  contain  carbon,  hydrogen, 
nitrogen,  oxygen,  and  sulphur,  in  the  following  proportions : — 


Carbon   53-5 

Hydrogen   7'0 

Nitrogen   IB'S 

Oxygen   22*1' 

Sulphur   1'6' 


100-0 

Now,  the  vegetable  has  a  composition  resembling,  in  the  main,  that 
of  the  animal,  it  containing  analogous  nitrogenous  substances,  though 
usually  in  smaller  amounts  •,  while  the  fat  is  represented  chiefly  by 
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sugar  and  starch,  though  in  some  exceptional  cases  fat  or  oil  is  met 
with,  as  in  the  seeds  of  various  plants.  All  the  nitrogenous  substances 
entering  into  the  composition  of  the  human  and  other  animal  bodies  are 
derived,  either  directly  or  indirectly,  fi-om  the  vegetable  kingdom,  the 
vegetable  being  constructive  and  the  animal  destructive. 

The  nitrogenous  elements  are  capable,  under  some  circumstances, 
of  fm-nishing  both  fat  and  sugar  ;  thus,  there  is  e%ddeuce  to  show  that 
the  fatty  matter  of  milk  and  the  sugar  of  diabetes  are  thence  derived, 
at  least  to  some  extent.  Again,  starch  and  sugar  are  sometimes  trans- 
fonned  into  fat,  but  the  greater  part  of  the  fat  of  the  body  is  derived 
from  that  contained  in  the  food. 

Notvsdthstanding  this  partial  and  occasional  formation  of  fat  from 
the  nitrogenous,  starchy,  and  sacchaiine  elements  of  the  food,  each 
separate  class  is  needed  to  sustain  the  body  in  a  state  of  health.  Thus, 
perfect  health  cannot  be  maintained  for  any  length  of  time  on  nitro- 
genous food  alone,  even  with  water  and  the  mineral  constituents ;  and 
although  it  may  be  supported  for  a  longer  period  on  such  food  com- 
bined with  fat,  yet,  for  perfect  health,  the  albmninates,  fat,  and  the 
carbo-hydi-ates,  as  sugar  and  starch,  are  all  necessary,  thoug-h  how  the 
latter  act  in  nutrition  is  not  yet  fully  imderstood,  since  they  do  not 
enter  into  the  composition  of  the  tissues  like  the  others.  Further,  it 
should  be  clearly  understood  that  excess  of  lean  meat  increases  the 
oxidation  of  the  fat,  thus  tending  to  the  reduction  of  obesity ;  excess 
of  the  carbo-hydrates  acts  in  the  same  way. 

Now,  these  several  nitrogenous  and  non-nitrogenous  constituents  of 
the  food  are  constantly  undergoing  change  and  destruction  in  minister- 
ing to  the  several  necessities  of  the  living  animal  organization,  as  the 
growth,  sustenance,  and  waste  of  the  body,  its  heat,  electi'icity,  and 
muscular  force ;  and  hence  the  necessity  for  a  frequent  supply  of  food. 
The  various  constituents  of  the  food,  having  served  the  several  pi.ir- 
poses  in  the  animal  economy  which  have  been  already  noticed,  are 
eliminated  from  the  system,  the  nitrogenous  chiefly  as  urea,  uric  and 
hippuric  acids,  cyreatine  and  creatinine,  and  the  non-nitrogenous  in  the 
forms  of  carbonic  acid  and  ivater. 

While  starch  and  sugar  only  want  as  much  oxygen  for  complete 
combustion  as  is  requu-ed  to  combine  with  their  carbon,  fat  needs  a 
larger  proportion,  for  it  contains  an  excess  of  hyd^-ogen,  which  con- 
sumes a  proportionate  amoimt  of  oxygen  to  form  water.  By  the  com- 
bustion of  fat,  therefore,  more  heat — 2-4  times  as  much — is  developed, 
than  by  an  equal  quantity  of  starch  or  sugar. 

Now,  the  process  of  respiration  is  merely  an  act  of  combustion ;  the 
air  can-ied  to  the  hmgs  by  inspiration  is  there  deprived  of  much  of  its 
oxygen,  while,  in  place  of  this  gas,  the  expfred  air  contains  a  propor- 
tionate quantity  of  carbonic  acid,  which  is  derived  from  the  food 
introduced  into  the  blood,  and  especially  from  its  non-nitrogenous 
constituents,  which  may  be  termed  'heat  producers,'  for  by  their 
oxidation  the  heat  of  the  body  is  chiefly  obtained. 
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With  respect  to  the  fatty  substances  which  enter  into  the  composi- 
tion of  our  food,  we  would  remark  that  they  are  not  merely  heat  pro- 
ducers, hut  that  they  play  a  very  important  part  in  the  process  of 
digestion,  not  only  increasing  and  accelerating  greatly  the  digestibility 
of  nitrogenous  articles  of  food,  but  also  aiding  in  the  formation  of  bile. 

Again,  the  starch  is  converted  in  the  system  into  glucose,  which  is 
carried  by  the  blood  to  the  limgs,  where  it  is  split  up  into  carbonic 
acid  and  water,  as  already  described.  Another  product  of  the  oxida- 
tion of  starch  and  sugar  is  lactic  acid,  an  important  constituent  of  the 
gasti'ic  juice. 

Starch,  sugar,  and  fat  have  the  following  formulae  and  percentage 
composition : — 


Cane-sugar, 

Glucose, 

Starch, 

Fat  (stearine), 

Carbon 
Hydrogen . 
Oxygen  . 

42-10 
6-44 
51-46 

40-00 
6-67 
53-33 

44-44 
6-18 
49-38 

76-85 
12-36 
10-79 

100-00 

100-00 

100-00 

100-00 

The  mineral  constituents  of  the  body  are  not  less  necessai-y  than 
the  albuminates,  fat,  and  the  carbo-hydrates,  and  equally  require  to  be 
renewed  in  the  food  consumed.  Thus,  sulphur  and  phosphorus  are 
constantly  present,  combined  chiefly  with  the  albuminates.  Phosphate 
of  lime  is  found  principally  in  the  bones,  teeth,  and  growing  cells  and 
tissues;  phosphate  of  potash  in  the  tissues,  cells,  and  blood— the 
latter  flmd  is  pai-ticularly  rich  in  basic  phosphate  of  potash,  which 
forms  by  far  the  larg-est  portion  of  its  mineral  constituents  ;  chloride  of 
sodium  in  the  liquids,  iron  in  the  blood,  and,  lastly,  carbonic,  lactic, 
tartaric,  acetic,  and  some  other  acids,  which  are  converted  in  the 
system  into  carbonic  acid,  are  requisite  to  maintain  the  alkalinity  of 
the  body,  the  absence  of  which  gives  rise  to  scurvy. 

The  function  of  chloride  of  sodium,  or  common  salt,  is  but  ill 
understood.  It  has  been  asserted  that  it  is  necessary  for  the  assimila- 
tion oi  the  food,  but  this  seems  not  to  be  the  case.  Salt,  in  fact,  is 
considered  by  some  to  be  quite  a  superfluous  addition  to  most  of  our 
articles  of  food,  and  nothing  more  than  a  condiment.  It  does  not 
enter  into  the  composition  of  any  of  the  tissues,  but  is  thrown  out  of 
the  system  in  the  excretions ;  and  it  has  been  repeatedly  shown  that 
some  tribes  of  natives  of  Africa  do  not  know  the  use  of  salt  at  all  and 
consider  it  a  luxury  and  delicacy.  ' 

Iron  is  a  most  important  constituent  of  the  blood  ;  the  colouring 
matter  of  the  red  corpuscles  contains  it  in  chemical  combination.  It 
is  said  to  assist  in  the  oxygenation  of  the  blood. 

Again,  the  imbibition  of  a  large  quantity  of  water  daily  is  lilvewise 
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a  necessity,  in  order  to  endow  many  of  tlie  constituents  of  the  food — 
especially  the  albuminates— with  certain  physical  properties,  to  render 
them  plastic,  soluble,  or  the  more  readily  reducible  to  a  state  of  solu- 
tion ;  thus  aiding  absorption,  nutrition,  and  elimination. 

To  sum  up  then,  there  is  between  the  composition  of  the  body  and 
the  food  consumed,  whether  animal  or  vegetable,  the  closest  possible 

resemblance.  ™  ™    ,       ■    i  . 

Having  thus  enumerated  the  various  Innds  of  food  required  to  sus- 
tain the  body  in  health,  we  have  to  consider  the  quantities  needed.  It 
will  be  obvious  from  what  has  abeady  been  advanced,  that  the  quan- 
tities will  vary,  being  dependent  upon  age,  weight,  muscular  exertion, 
climate,  &c. ;  'but  it  has  been  determined  by  numerous  independent 
inquiries,  that  the  food  daily  consumed  by  an  adult  man  of  average 
weight— 140  lb.— and  in  moderate  work,  should  contain  about  the 
following  quantities  of  the  several  classes  of  food,  the  figm-es  given 
being  -those  of  Moleschott,  quoted  by  Parkes  in  his  admirable  work  on 
'  Practical  Hygiene,'  and  which  figures  should  be  generally  adopted, m 


Dry  food. 

Ounces. 

Nitrogen  grains. 

Carbon  grains. 

Albuminous  substance? 
Fatty  substances 
Carbo-bydrates  . 

4-687 
2-964 
14-257 
1-068 

317-0 
None 
None 

1073-6 
10-24-4 
2769-4 

22-866 

One  ounce  ot  dry  aiDummaie  ^"^'^"■^"f       ^.^.^^  „...„o-- 
234  of  carbon;  1  ounce  of  diy  fat,  336-0  g:-ains  of  carbon,  and  the 
same  wei<^ht  of  either  of  the  carbo-hydi-ates,  starch  or  sugar,  194-2 
grains  -  or  100  grains  of  albuminates  contain  15-8  of  mti-ogen  and  53-5 
of  carbon  -  fat,  76-8  grains  of  carbon,  and  starch  and  sugar  44-4  gi-ams. 

But  water  to  the  extent  of  between  50  and  60  per  cent.  :s  contained 
in  the  food  consumed,  raising  the  amount  to  about  40  oimces  _ 

Now,  nearly  the  whole  of  the  mtrogen  and  carbon  contained  m 
the  chief  articles  of  our  food  may  be  thus  divided  and  distributed  :— 


Lean  raw  meat 

Fat  of  meat 

Efig  • 
Cheese 
Butter 
Bread. 
Potatoes 
Other  vegetables 
Milk 
Sugar 


} 


16  oz.,  less  one-fifth  bone,  14-4 
=  cooked,  about  8  oz. 
J  ounce. 
2  „ 
1  „ 
1 
18 
16 

8  „ 
2 
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Having  thus  arrived  approximately  at  the  quality  and  quantity  of 
the  several  kinds  of  food  required  hy  an  adult  man  of  average  size  and 
weio-ht,  and  in  moderate  work,  it  next  becomes  important  to  explain 
how  each  person  may  calculate  for  himself,  and  so  ascertain  the 
nutritive  quality  of  his  own,  or  any  other,  dietary.  This  important 
ohiect  may  be  accomplished  hy  the  help  of  the  following  table,  taken, 
with  one  exception,  from  the  work  of  Dr.  Pai-kes,  before  quoted  :— 

Table  for  calculating  Diets. 


Lean  raw  meat,  bone- ) 
free .      .      .  •) 

Fattened  meat  (Gilbert  \ 
and  Lawes)        .  j 

Roast  meats  (no  drip-^ 
ping    being    lost),  ' 
Ranke.  (Boiled  as- 
sumed   to  be   the  _ 
same)        .       .  J 

Bread  . 

Flom-  . 

Biscuit  . 

Rice 

Oatmeal  (Von  Bibra) 
Oatmeal  (Letheby) 
Maize  (Poggiale)  . 
Peas,  dry 
Potatoes 
Carrots  (all  cellulose  | 
excluded)  .  .  j 
Cabbage 

Butter  .  .  .  . 
Eggs,  less  10  per  cent.  \ 

for  shell  .  .  j 
Cheese  .  .  .  . 
Milk  (specific  gravity) 

1030)  .  .  j 
Milk  (specific  gravitv  | 

1026)  .  .  ■  j 
Sugar 


"Water. 

ilbtunin  ~ 
ates. 

Fats. 

Carbo- 
hydrates. 

Salt. 

i  0 

1  ^ 

10 

S-4 

1-6 

63 

14 

19 

... 

3.7 

54 

27-6 

15-45 

2-95 

40 

8 

1-5 

49-2 

1-3 

15 

11 

2 

70-3 

1-7 

Q 
O 

10  0 

1 

1'7 

10 

5 

■8 

83-2 

•5 

12 

16 

6-8 

63-2 

2 

15 

12-6 

5-6 

63 

3 

13-5 

10 

6-7 

64-5 

1-4 

15 

22 

2 

53 

2-4 

74 

1-5 

•1 

23-4 

1 

85 

•6 

•25 

8-4 

•7 

91 

•2 

■5 

5-8 

•7 

8-8 

2-7 

85 

3-5 

73-5 

13-5 

11-6 

1 

36-8 

33-5 

24-3 

5-4 

86-7 

4 

3-7 

"b 

•6 

90 

3 

2-5 

3-9 

•5 

3 

... 

96-5 

•5 

The  use  of  the  above  table  is  exceedingly  simple.  Thus,  the  quan- 
tity by  weight  of  any  of  the  articles  enumerated  being  known,  the 
amounts  of  the  albuminates,  fats,  and  carbo-hydrates  are  easily  calcu- 
lated by  a  simple,  rule-of-three  sum.  Thus,  supposing  the  allowance  is 
12  oz.  of  meat,  one-fifth  must  be  deducted  for  bone ;  the  water  in  remain- 

75  X  9-6^  7-2;  and  so  on  for 


ing  9'6  oz.  will  be  ascertained  as  follows: 
the  other  constituents. 


100 
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_  _  A  few  words  in  conclusion  may  be  bestowed  on  the  relative  digesti- 
bility of  different  articles  of  food. 

It  appears  from  Dr.  Beaumont's  experiments  on  Alexis  St.  Martin 
that  '  animal  food  is  digested  sooner  than  farinaceous,  and,  possibly, 
meat  might  therefore  replace  more  quickly  the  wasted  nitrogenous 
tissue  than  bread  or  peas ;  and  it  may  be  true,  as  asserted,  that  the 
change  of  tissue  is  more  quick  in  meat-eaters,  who  require,  therefore, 
more  frequent  supplies  of  food.' 

'  Eice,  tripe,  whipped  eggs,  sago,  tapioca,  barley,  boiled  milk,  raw 
eggs,  lamb,  parsnips,  mashed  and  baked  potatoes,  and  fricasseed  chicken, 
are  the  most  easily  digested  substances  in  the  order  here  given,  the  rice 
disappearing  from  the  stomach  in  one  hour,  and  the  fricasseed  chicken 
in  2|  hours.  Beef,  pork,  mutton,  oysters,  butter,  bread,  veal,  boiled 
and  roast  fowls  are  rather  less  digestible,  roast  beef  disappearing  from 
the  stomach  in  thi'ee  houi's,  and  roast  fowl  in  four  hom-s.  Salt  beef  and 
pork  disappeared  in  4j  hours.' — Parkes. 

The  admixture  of  the  different  classes  of  food  aids  digestibility,  and 
fat  taken  with  meat  helps  the  digestion  of  the  meat. 

'  According  to  the  best  writers  on  diet,  it  is  not  enough  to  give  the 
proximate  dietetic  substances  in  proper  amount.  Variety  must  be 
introduced  into  the  food,  and  different  substances  of  the  same  class 
must  be  alternately  employed.  It  may  appear  singular  that  this 
shoidd  be  necessary ;  and  certainly  many  men  and  most  animals  have 
perfect  health  on  a  very  uniform  diet.  Yet  there  appears  no  doubt  of 
the  good  effect  of  variety,  and  its  action  is  probably  on  primary  diges- 
tion. Sameness  cloys ;  and  with  variety  more  food  is  taken,  and  a 
larger  amoimt  of  nutriment  is  introduced.  It  is  impossible,  with 
rations,  to  introduce  any  great  variety  of  food ;  but  the  same  object 
appears  to  be  secured  by  having  a  variety  of  cooking.' — Parhes. 


ON  THE  PRESERVATION  OF  FOOD.  7 


CHAPTER  II. 

ON  THE  PRESERVATION  OF  FOOD. 

It  will  he  desirable  before  entering  on  the  question  of  the  adulteration 
of  food  to  devote  a  short  chapter  to  the  subject  of  the  various  methods 
employed  for  its  preservation.  The  methods  resorted  to  are  exceed- 
ingly numerous,  and  many  of  them  have  been  patented  on  account  of 
their  supposed  commercial  importance,  but  they  may  be  all  referred  to  the 
following  heads  : — to  preservation  by  temperature,  including  an  eleva- 
tion of  temperature,  resulting  in  more  or  less  complete  coolring,  and  a 
reduction  of  temperatm-e,  as  by  freezing ;  by  the  exclusion  of  air,  as 
when  animal  and  vegetable  substances  are  enclosed  in  hermetically- 
sealed  tins;  by  coating  the  surface,  as  by  paraffin,  or  when  an 
artificial  coating  is  formed  by  the  coagulation  of  the  albiunen  by 
plunging  it  into  hot  water;  by  immersing  ot:  mixing  the  sub- 
stances to  be  preserved  with  a  material  which  acts  in  the  pre- 
servation mainly  by  the  exclusion  of  air,  as  syrup  or  sugar;  by 
compression,  which  serves  to  exclude  the  air  "partially,  as  also  to 
remove  superfluous  moistiu-e  ;  by  the  extraction  of  certain  principles  of 
meat  by  means  of  water,  and  the  subsequent  inspissation  of  the  extract ; 
by  the  use  of  various  antiseptic  substances,  as  alcohol,  acetic  acid,  salt, 
saltpetre,  aliun,  creosote,  and  charcoal ;  by  the  employment  of  certain 
acids  and  gases,  as  sulphurous  acid  and  the  sulphites,  especially 
sulphite  of  soda,  which  retard  decomposition  by  combining  with  the 
oxygen  of  the  air,  which,  in  spite  of  aU  precautions,  cannot  be  alto- 
gether excluded  from  the  preserved  material ;  by  carbonic  acid,  which 
acts  by  exclusion  of  the  air,  and  the  substitution  of  an  atmosphere 
unfavourable  to  decomposition. 

In  many  cases  more  than  one  of  the  above  agencies  are  at  work  in 
the  preservation  of  the  food,  as  for  example,  in  tinned  meats,  in 
which  not  only  is  the  air  excluded,  but  the  albmuen  of  the  meat  is 
coagulated  by  cooking ;  in  presei-ved  milk,  in  which  the  greater  part 
of  the  water  is  removed  by  evaporation,  the  albumen  coagulated  by 
the  heat  employed,  and  the  air  partially  excluded  by  the  addition  of 
powdered  sugar. 

We  will  now  give  some  brief  examples  illustrative  of  each  of  the 
methods  of  preservation  above  referred  to. 

Elevation  of  temperature. — Heat  is  employed  for  the  double  purpose 
of  partially  cooking  the  materials  to  be  preserved,  whereby  the 
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albuminous  matters  are  coag-ulated,  and  of  assisting  in  dri-\-ing  out 
the  ail- ;  as  in  the  case  of  all  jams  and  preserves,  bottled  fruits  and 
vegetables,  all  tinned  meats  and  vegetables;  and,  lastlj',  as  in  the 
coagulation  of  the  albiunen  near  the  sm-face  of  a  joint  of  meat. 

Bij  reduction  of  temperature. — This  principle  acts  by  retarding 
decomposition,  and  the  development  and  gi-owth  of  minute  organisms, 
and,  when  the  substance  itself  is  actually  frozen,  also  by  the  exclusion 
of  air.  Its  effect  is  very  great,  as  is  Imown  to  every  householder,  and 
is  shown  by  the  remarkable  cases  which  have  been  recorded  of  the 
preservation  of  human  and  animal  bodies,  and  of  meat,  through  a  long 
series  of  years  in  regions  of  perpetual  frost.  Every  one  is  acquainted 
with  the  fact  that  perfectly  well-preserved  bodies  of  the  Mammoth,  a 
huge  species  of  elephant,  which  died  out  ages  ago,  have  been  foimd 
imbedded  in  the  ice  of  Siberia. 

In  1861  three  himian  bodies  were  discovered  under  the  Glaciere  des 
Bossons,  near  Chamoimix,  in  a  perfect  state  of  preservation.  Fortj- 
one  years  ago,  in  1820,  these  men  had  lost  their  lives  by  an  avalanche. 

In  1824,  the  Arctic  exploring  ship  '  Fiu-y '  was  wi'eclied  in  the 
Prince  Regent's  Inlet,  and  its  stores  were  landed  and  placed  upon  the 
beach.  After  eight  years'  exposure,  Sir  John  Ross  found  them  in  a 
perfect  state  of  preservation,  and  after  a  further  lapse  of  sixteen  years, 
H.M.S.  '  Investigator'  found  them  in  the  same  condition. 

Our  ordinary  ice-safes  are  constructed  on  this  piinciple,  and  one  of 
the  latest  proposals  is  to  import  meat  on  a  large  scale  in  specially-con- 
structed ice  compartments  or  safes. 

By  exclusion  of  the  air. — The  most  complete  example  of  the  employ- 
ment of  this  principle  is  fiu-nished  by  the  tinning  of  vegetable  and 
animal  substances,  an  operation  which  is  thus  conducted: — The  meat 
or  vegetable  is  put,  with  the  addition  of  some  water,  into  a  suitable 
tin ;  the  lid,  having  a  small  hole  at  the  top,  is  now  fastened  down.  It  is 
heated  to  boiling,  and  as  soon  as  the  steam  has  driven  out  aU  the  air, 
the  hole  is  closed  by  solder.  In  this  case,  the  tin  contains  an  atmo- 
sphere of  steam.  In  other  methods,  the  tin  is  filled  with  an  inert 
gas,  such  as  carbonic  acid,  or  nitrogen.  Other  examples  of  more  or 
less  complete  exclusion  of  the  air  have  ah-eady  been  given. 

By  the  em2yloynient  of  sm^ot-.— This  substance  is  used  extensively  in 
the  preservation  of  fruits,  as"  Normandy  pippins,  pears,  jams,  preserves, 
vegetable  jellies,  fruit  syi-ups,  essences  and  acids,  bottled  and  crystal- 
lised fruits,  and  condensed  milk. 

By  cojnpression. — This  principle  has  been  in  _  operation  for  a  great 
many  years,  combined  in  some  instances  with  partial  di-ying,  with  gi-eat 
success  in  the  preservation  of  vegetable  substances.  An  illustration 
of  this  method  is  afforded  by  the  various  vegetables  preserved  by  the 
patent  of  Masson. 

By  removal  of  water.  —  This  principle  has  also  been  resorted  to 
with  considerable  effect  either  by  itself  or  in  conjunction  with  the 
employment  of  a  certain  temperature.    It  was  applied  especially  by 
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the  author  for  the  preservation  of  an  article  Avhich  he  prepared  teimed 
'  Flour  of  meat/  in  which  the  lean  portions  of  the  meat  were  dried  at 
a  temperature  below  that  at  which  albumen  coagulates,  and  afterwards 
reduced,  by  grinding  and  passing  through  sieves,  to  a  powder  as  fine 
as  that  of  wheat  flour.  This  method  has  also  been  used  very  suc- 
cessfully under  Edwards'  Patent  for  the  preservation  of  the  Potato. 
This  vegetable  contains  75  per  cent,  of  water,  the  greater  part  of 
which  being  removed  by  di-ying  at  a  low  heat,  the  potato  is  found 
to  keep  well,  it  reacquiring  ^he  water  it  had  lost  in  the  process  of 
cooking. 

Condensed  milk  also  owes  its  preservation  in  part  to  the  removal 
of  the  water. 

By  extraction  with  water  and  subsequent  insinssation. — In  this 
manner  Liebig's  Esti'act  of  Meat  is  prepared ;  this  extract  contains 
neither  gelatine  nor  albiunen,  and  its  mode  of  preparation  is  as 
foUows : — the  flesh  is  extracted  with  cold  water,  the  solution  is 
boiled,  and  thus  freed  from  albumen :  when  clear  it  is  evaporated  to 
the  consistency  of  a  syrup. 

The  concentrated  beef-teas  are  also  prepared  by  extTaction  with 
water ;  one  of  the  best  of  these  is  that  made  by  Brand  ;  the  beef  is  in 
this  case  exti-acted  with  boiling  water. 

By  alcohol. — The  preservative  powers  of  alcohol  in  a  very  great 
measm-e  also  depend  upon  the  desiccation  of  the  materials  to  be  pre- 
sei-ved,  alcohol  having  a  very  great  afiinity  for  water.  It  moreover 
destroys  any  organic  germs  and  organisms  which  may  be  present  or 
prevents  their  developement  and  groAvth.  In  consequence  of  the 
cost  of  this  substance,  it  is  but  little  employed  in  the  preservation 
of  articles  of  food ;  but  cherries,  and  some  other  fruits,  are  sometimes 
preserved,  as  is  weU  Imown,  in  whislry  and  brandy. 
I  By  acetic  acid. — This  is  generally  used  in  the  form  of  vinegar, 
and  it  is  supposed  to  act  by  its  antiseptic  properties.  It  is  the  prin- 
cipal vehicle  in  which  the  various  forms  of  pickles  are  preserved,  and 
it  forms  an  important  constituent  in  most  sauces. 

Closely  aUied  in  their  action  to  vinegar  are  certain  salts,  such  as 
coynmon  salt  (chloride  of  sodium),  saltpetre  (nitrate  of  potash),  and 
alum  (sulphate  of  alumina  and  potash),  aU  being  powerful  antiseptics. 
The  salting  of  meat,  fish,  and  butter,  and  the  preservation  of  meat  by 
the  addition  of  a  little  saltpetre,  offer  well-known  illustrations  of  the 
use  of  these  substances. 

By  creosote. — The  smoking  of  meat  over  wood  fires,  and  its  keeping 
i  qualities  when  thus  prepared,  depend  to  a  gi-eat  extent  upon  desiccation, 
but  an  important  part  is  played  by  an  interesting  constituent  of  the 
smoke— namely,  creosote.  This  substance  prevents  the  growth  of 
organisms  and  consequent  putrefaction  even  when  present  in  very 
minute  quantity.  It  is  closely  allied  and  perhaps  identical,  chemically 
and  in  its  mode  of  action,  with  carbolic  acid,  the  most  powerful  of 
all  known  disinfectants. 
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By  charcoal. — This  substance  operates  by  its  powerful  absorbent, 
and  oxidising  properties  ;  these  are  so  great  that  when  meat  is  placed 
near  to,  or  in  contact  with,  vegetable  charcoal,  although  it  may  be  in 
an  offensive  state,  it  is  quickly  deodorised  and  all  offensiveness 
removed. 

By  sulphurous  acid,  free  and  combined. — This  acid  acts  by 
taking  up  the  oxygen  of  the  aii-,  with  which  articles  of  food  are  more 
or  less  impregnated,  and  which,  when  in  the  free  state,  aids  in  the  de- 
composition of  the  organic  substance,  the  sulphurous  acid  being  con- 
vei-ted  into  sulphuric  acid.  This  acid  is  usimUy  applied  in  solution 
to  meat  in  the  raw  state,  and,  either  alone  or  combined  with  other 
substances,  it  has  been  made  the  foundation  upon  which  several  patents 
have  been  obtained. 


LIST  OF  THE  PRINCIPAL  PATENTS  FOR  THE  PRESERVATION 

OF  FOOD. 

This  table  has  been  chiefly  compiled  in  a  much  abbreviated  form  from  the  chapter 
on  the  Preservation  of  Food  contained  in  the  work  by  Dr.  Letheby,  entitled 
'  Lectures  on  Food.' 


Date. 


1835 
1847-56 
1848 
1847 


1793 
1861 
1851 


1859 

1864 

1780 

1820 

1840 
1840 

1850 


Method  and  Name. 


By  drying. 
Newton 
Grimwade 
Louis 

Davison  and 
Symington. 


V'ny. 


Donaldson 
Robertson 
Borden  . 
Liebig .  . 


;} 


Blumenthal 
and  ChoUet. 

HassaU  .  . 


John  Graefer 

Vallance  .  . 

Edwards  .  . 
Grillet    .  . 


Masson 


Preservation  of  millt  by  evaporation  and  the  ad- 
dition of  sugar. 

Preservation  of  eggs,  by  mixing  the  yolks  and 
whites  with  flour,  rice,  or  other  starchy  sub- 
stances, and  drying. 

Preservation  of  extract  of  meat  after  the  separa- 
tion of  the  fat,  by  mixing  with  farinaceous  sub- 
stances, and  prepared  in  the  form  of  biscuits. 

Extractum  Carnis,  obtained  by  the  action  of  water 
at  a  low  temperature,  gelatine  and  albumen 
being  both  excluded,  and  the  liquid  extract 
thicliened  by  evaporation. 

Combining  meat  and  vegetables  in  the 

tablets,  by  drying,  then  pressing,  and  flnaUy 
successive  immersions  in  rich  soup. 

Drying  meat  at  a  temperature  below  that  of  the 
coagulation  of  albumen,  and  reducing  it  to  a 
powder  as  fine  as  that  of  wheat  flour. 

Dipping  vegetables  into  boiUng  solution  of  salt 
and  drying  them.  . 

Diying  of  hops,  and  compressing  them  mto  a 
small  space. 

Boiling,  granulating  and  drj-ing  potatoes. 
Preservation  of  cooked  and  uncooked  potatoes  by 

Preservation  of  vegetables  by  drj-ing  and  com- 
pressing them  to  one-seveuth  of  their  original  bulk 
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List  of  the  principal  Patents  for  the  Preservation  of  Food — cont. 


Method  and  Name. 


By  drying. 
Goundry 


Exclusion,  of  air. 
1 

Francis  Plo  wden 


Granholm 
Wortley  . 

Saddington 


Appert  .  . 
Bekaert  .  . 
De  Lignac  . 


Augnstos  de 
Heine. 


Currie 
Leignette 

Bevan 
Ryan  .  . 


Compression  of  tea  into  tablets  by  means  of 
hydraulic  power.  In  this  state  it  somewhat  re- 
sembles the  'brick-tea'  of  the  Tartars,  but  in 
this  case  the  leaves  are  held  together  by  meaus 
of  sheep's  or  bullock's  blood. 


Preserving  butcher's  meat,  animal  and  other 
comestible  substances,  by  encrusting  them  with 
essence  or  extract  of  meat,  and  filling  the  inter- 
stices with  the  same. 

By  covering  meat  with  hot  fat  or  hot  animal  jelly. 

Preservation  in  oil,  chiefly  of  anchovies  and  other 
fish. 

Preservation  of  fruits  without  sugar.  The  fruit 
is  put  into  bottles,  heated  in  a  water-bath  to 
160°  to  170°  F.  and  then  the  bottles  are  filled  up 
with  boiling  water  and  immediately  corked  and 
cemented.  Thus  the  air  is  expelled  and  the 
albumen  coagulated.  A  little  alum  is  fre- 
quently added. 


The  food  is  cooked  to  some  extent,  put  into  strong 
glass  vessels,  corked,  wired,  and  exposed  for 
some  time  to  the  action  of  boiling  water. 

Preservation  of  milk  by  evaporating  it  to  half  its 
original  bulk,  and  adding  some  carbonate  of 
soda. 

Preservation  of  milk  by  evaporation  to  one-sixth 
of  its  bulk  before  boiling  it. 


Exhaustion  of  the  air  from  the  vessel  containing 
the  food.  The  vessel  was  furnished  with  a 
valve  which  allowed  the  air  to  be  drawn  out  by 
means  of  a  special  appai'atus. 

After  exhaustion  carbonic  acid  is  admitted  into 
the  vessel.  An  improvement  on  the  preceding 
process. 

Surrounds  the  food  with  a  solution  of  salt  in  water, 
lets  it  out  through  an  aperture  in  an  atmo- 
sphere of  carbonic  acid,  which  at  the  same 
time  floats  in  to  take  its  place. 

Exhaustion  of  the  air  and  substitution  of  a  solu- 
tion of  gelatine. 

Employment  of  acetic  acid  vapour  and  carbonic 
acid  gas. 
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List  of  the  principal  Patents  for  the  Preservation  nf  Food— cont. 


Date. 


1846 


Method  and  Name. 


1823 


1841 


Exclusion  o  f  air. 
Jones  and  Ti'eve- 
thick. 


Angilbert 


Goldner  and 
Wertheimer. 


1855 


1846 


Hogarth  and  Co. 
Nasmyth .  .  . 
McCaU    .   .  , 


Warrington 


Exhaustion  of  the  vessel  containing  the  raw  food 
in  an  air-tight  trough  of  water,  and  admitting 
pure  nitrogen  and  exhausting  again.  Lastly, 
admitting  nitrogen  with  a  little  sulphurous 
acid,  and  thus  any  remaining  trace  of  oxygen  is 
removed  by  its  combination  with  the  acid. 
A  rticles  preserved  in  this  noanner  will  keep  for 
several  years. 


The  food  is  put  with  a  little  water  into  a  tin  case 
with  a  hole  at  the  top.  The  water  is  made  to 
boil  actively,  and  the  steam  thus  formed  es- 
caping freely  by  the  hole,  removes  the  air  with 
it,  the  aperture  being  suddenly  closed. 

Employment  of  a  bath  of  muriate  of  lime  to  ob- 
tain a  quicker  and  more  regular  generation  of 
steam.  This  process  is  now  commonly  employed. 
The  substance  to  be  preserved  is  soldered  down 
in  canisters,  a  pinhole  aperture  being  left  in  the 
lid.  It  is  then  subjected  to  the  action  of  the 
bath  at  a  temperature  a  little  above  212°  F. 
until  the  contents  are  about  two-thirds  cooked, 
and  then,  while  the  steam  is  escaping  freel}', 
the  aperture  is  closed  with  solder.  Lastly,  the 
canister  is  subjected  to  a  temperature  high 
enough  to  favour  decomposition,  and  if  it  shows 
no  sign  of  bulging  out  from  the  generation  of 
putrefactive  gases,  it  is  considered  that  the 
process  has  been  effectually  carried  out. 
Use  of  steam,  in  place  of  the  muriate  of  lime 
bath. 

Proposed  to  mix  a  little  alcohol  with  the  water 

to  lower  the  boiling  point. 
Kecommended  less  boiling  and  the  use  of  a  little 
sulphate  of  soda  to  jemove  any  remaining 
oxygen. 


Obtained  a  patent  '  for  the  use  of  common  glne, 
gelatine,  or  concentrated  meat  gravies  or  thin 
cream  of  plaster  of  Paris,  which,  when  set  hard, 
was  to  be  saturated  with  melted  suet,  wax, 
stearin,'&c.  '  The  things  were  then  to  be  wrapped 
in  waterproof  cloth  or  covered  with  caoutchouc 
or  gutta  percha,  or  coated  with  a  varnish  of 
these  substances,  or  kept  submerged  in  glyce- 
rine, treacle,  elaines,  oils,  or  other  such  matter 
not  liable  to  oxidation.' 
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List  of  the  Principal  Patents  for  the  Preservation  of  Food— cont. 


Method  and  Name. 


Exclusion  of  air. 
Delabarre  and 
Bonnet. 

Ilartnell  .    .  . 

Brooman .    .  . 


Bouett 
Douein. 

Redwood 

Palmer    .  . 

cold. 
Lings  .    .  . 


and 


Bi/  heat. 


By  chemical 
agents. 
Batley    .  . 


Long  .  . 
Horsley 
Murdoch 
Loury  . 

Bellfort 


} 


Preservation  of  meat,  bread,  eggs,  vegetables,  and 
pastry  by  coating  them  with  a  varnish  of  rich 
syrup  made  from  the  bones  and  flesh  of  animals, 
the  substance  to  be  preserved  being  parboiled. 

Immersion  of  the  animal  or  vegetable  substances 
in  baths  of  gelatine  and  treacle,  drying,  re- 
dipping,  and  covering  with  charcoal. 

Coating  the  meat  with  albumen  and  molasses, 
after  the  meat  has  been  partially  di'ied,  and  then 
suspended  in  an  atmosphere  charged  with  sul- 
phurous acid. 

Obtained  provisional  protection  for  the  use  of  collo- 
dion, either  alone  or  admixed  with  other  suit- 
able substances. 

Employment  of  a  coating  first  of  paraffin  and 
then  of  gelatine,  mixed  with  glycerine  or  treacle. 

Preservation  of  melted  fats  by  placing  them  in 
bladders  or  skins. 


Emploj'ment  of  ice  in  closed  chambers. 

It  has  "also  been  proposed  to  preserve  food  by  the 
cold  produced  by  the  rapid  evaporation  of  ether 
and  ammonia,  and  various  patents  have  been 
taken  out  for  the  formation  of  ice  on  this  latter 
principle. 


This  principle,  as  we  have  already  seen,  is  also 
employed  in  the  preservation  of  food,  the  tem- 
perature usually  resorted  to  varying  from  200° 
to  212°  F. 


Curing  and  preserving  fish,  by  salting  them; 
vegetables,  as  olives,  may  be  preserved  in  the 
same  manner. 

Injection  of  meatwithasolutionof  sulphite  of  soda. 

Employment  of  sulphurous  acid ;  obtained  by  ; 
burning  sulphur. 

Provisional  protection  for  the  use  of  sulphurous 
acid  with  a  minute  quantity  of  hydrochloric 
acid,  to  prevent  the  sulphurous  acid  combiniug 
with  the  alkaline  salts  of  the  meat,  and  so 
giving  rise  to  a  disagreeable  flavour.  The 
acids  were  used  in  solution,  and  the  meat 
immersed  in  it. 
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List  of  the  pj-incipal  Patents  for  the  Preservatwn  of  Food — cont. 


Date. 


1855 


Method  and  Name. 


By  chemical 
agents. 
Brooraan, 
raait, 
Hands. 
Gaiiigee  . 


De- 
and 


Emplojnnent  of  sulphurous  acid  in  a  gaseous 
state,  the  substance  being  suspended  in  a 
closed  chamber. 

Would  cause  the  animal  to  inhale  carbonic  oxide 
gas,  and  when  nearly  insensible  it  should  be 
killed.  The  cai-case  is  to  be  suspended  in  an 
air-tight  chamber,  from  which  the  air  is  re- 
moved, and  is  replaced  by  an  atmosphere  of 
carbonic  oxide  gas,  to  which  a  little  sulphurous 
acid  has  been  added.  After  being  thus  exposed 
for  24  to  48  hours,  it  is  to  be  hung  up  in  drj'  air. 
It  is  said  that  meat  thus  preserved  will  keep 
several  months. 
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CHAPTER  III. 
WATER  AND  ITS  IMPURITIES. 

:  Since  water  enters  more  or  less  into  tlie  composition  of  all  articles 
of  food  as  well  as  di-ink,  and  is  employed  in  many  cases  as  an  adiil- 

i  terant,  as,  for  example,  in  milk — to  which  sometimes  it  communicates 

I  the  germs  of  disease — and  in  spirits  ;  and,  fiu-ther,  since  Food  Analysts 
are  constantly  called  upon  to  make  analyses  of  water,  it  becomes  not 
merely  necessary  that  the  subject  should  be  fiilly  considered  in  any 
comprehensive  work  dealing  with  adulteration,  but  that  the  first  place 

:  shoidd  be  assigned  it  in  such  a  treatise. 

Chemically  piire  water   consists  of  a  definite  combination  of 

:  hydrogen  and  oxygen,  and  anything  additional  therein  contained  may 
be  looked  upon  as  foreign  matter,  and  be  regarded  in  the  lio-ht  of  an 

:  impurity.  ° 

Thus  viewed,  there  is  really  no  absolutely  pure  water  to  be  found 
in  nature ;  ice,  snow,  rain,  and  distilled  waters  are  the  nearest  ap- 

i  preaches  to  purity,  and  yet  they  contain  no  inconsiderable  amount 
of  a  variety  of  admixtures  and  impurities. 

1.  Ice  water. — This  water,  though  not  absolutely  fi-ee  from  con- 

■  taminations,  is  yet  one  of  the  purest  waters  in  nature,  owino'  to  the 
very  remarkable  and  beautiful  fact,  that  in  freezing,  which  is  an  act  of 
crystallisation,  all,  or  nearly  all  substances,  or  impurities,  gaseous 
orgamc  and  mineral,  are  cast  out,  and  are  to  be  foimd  in  the  imfrozen 

.  portion  of  the  water  ;  the  absence  of  the  usual  gases  renders,  however 
ice  water  somewhat  flat  and  insipid.  A  well-known  illustration  of  this 

:  feet  13  afi"orded  by  icebergs,  which,  although  formed  from  the  sea,  yet 

^  when  melted  consist  of  water  in  a  state  of  great  purity.  Another  illus- 

-  tration  is  afforded  by  the  method  adopted  in  northern  countries  to  obtain 

•  salt  from  the  sea.  The  water  being  frozen,  the  salt  is  foimd  in  the  briny 
mother-liquor  which  remains,  and  from  which  it  is  obtained  by  crystal- 
lisation. _  We  have  recently  come  across  a  third  illusti-ation  of  the 

-  same  principle  m  the  artificial production  of  ice  on  a  commercial 

•  scale  by  the  low  temperature  produced  by  the  evaporation  of  ether 
in  this  case  we  submitted  both  the  ice  and  the  water  from  which  it 
wa,s  produced  to  analysis  with  the  striking  results  given  on  the  next 
page,  it  being  understood  that  only  a  small  portion  of  the  water 

<  actuaUy  employed  was  transformed  into  ice. 
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Analyses  of  ice  and  the  water  from  which  it  was  obtained : — 

Original  Water.         Ice.  TVafcer  left. 

Total  solids      .      .   27-0       ...      3-0  ...  14-2 

Chloriue    .       .       .     l-g-l     ...       0-90  ...  — 

Lime  ....    10-53     ...  trace.  ...  l-l-ll 

2.  Snoiu  tvater. — It  follows  from  what  has  already  been  said,  that 
the  water  derived  from  the  melting  of  snow  is  also  soft  and  pure,  but 
much  less  so  than  tliat  obtained  Xiy  the  melting  of  ice,  since  many  of 
the  impm'ities  are  retained  on  the  surface  of  the  small  and  innumerable 
crystals  of  which  snow  is  formed. 

3.  Hain  ivater. — It  will  be  readily  understood  that  rain  water  wiU  in 
most  cases  be  found  to  contain  various  impiu-ities,  these  being  taken  up 
by  it  from  the  atmosphere  in  its  descent  to  the  earth.  These  impuri- 
ties are  for  the  most  part  of  a  gaseous  and  organic  character,  and, 
of  course,  their  exact  nature  and  quantities  wUl  vary  ■w'ith  the  con- 
dition of  the  air  at  the  time  when  the  rain  falls.  The  principal  of  these 

~  impregTiations  and  impiu-ities  are  oxygen,  the  proportion  of  which  some- 
times amounts  to  32  per  cent,  of  the  whole  of  the  dissolved  gases,  or 
to  considerably  more  than  occm-s  in  the  atmosphere  itself — namely,  21 
per  cent,  (this  difference  ai'ises  fi'om  the  greater  solubility  of  oxygen  in 
water)  nitrogen,  carbonic  acid,  ammonia,  carbonate  of  ammonia,  nitro- 
genous organic  matter,  niti-ite  and  niti'ate  of  ammonia  and  hydi'ochloric 
acid ;  and  in  towns,  carbon,  sulphm-ous  and  sulphuric  acids,  and  some- 
times sulphuretted  hydrogen,  derived  from  the  coal  fires.  According  to 
Partes,  the  total  nitrogen  fi-om  the  nitrogenous  salts  amounts  to  0-0985 
per  100,000.  Boussingault  found  0-4  part  of  ammonia  in  100,000  parts 
of  rain  fallen  in  Paris,  and  0-079  in  that  from  the  counti-y.  Ban-al 
obtained  fr-om  0-2  to  0-3  in  Paris  rain  water.  Bineau  found  in  Lyons 
even  as  much  as  3  parts  in  100,000. 

According  to  Boussingault,  the  average  amount  of  nitric  acid  is 
0-02  in  100,000.  Dm-ing  a  hailstorm  he  found  the  rain  to  contain  5-5, 
and  the  melted  hail  8-3  of  that  acid,  owing  to  the  highly  electric  state 
of  the  atmosphere — a  condition  which  is  attended  with  increased  oxida- 
tion. On  other  occasions  he  met  with  fi-om  0-04  to  0*21  in  raiu  water. 
In  the  country  he  found  only  fi-om  0-004  to  0-028.  Bai-ral  met  with 
fi-om  0-2  to  3-6  in  Paris.  This  latter  observer  obtained  from  0-78  to 
2'2  total  solids  from  rain  water. 

The  following  analyses  of  Dr.  Angus  Smith  show  the  nature  and 
the  varying  quantities  of  the  principal  of  the  contaminations  to  which 
raiu  water  is  so  subject : — 
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Bain  Water.— Average  Impurities  per  Million  Parts. 
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Barral  foimd  0-78  to  2-2  total  solids  in  100,000  parts,  and  Moleschott 
as  the  mean  of  five  samples  of  water,  per  100,000,  3-2  to  2-24  gxains  per 
gallon.  But  it  must  be  remembered  that  rain  water,  which  passes  over 
the  roofs  of  houses  before  being  collected,  or  which  is  retained  in 
cisterns  of  any  kind,  acquires  further  and  especially  mineral  and 
metallic  impm-ities,  notably  lead  and  zinc. 

4.  Distilled  %oater. — By  distillation  water  is  freed  from  a  great  many 
of  its  impurities,  and  is  obtained  in  a  compai-atively  pure  condition  ; 
this  will  vary,  however,  with  the  water  from  which  it  has  been 
distilled ;  the  purer  the  water  used  for  distillation,  the  better  will  be 
the  distillate.  Of  course  any  volatile  constituents  present  in  the  water 
will  pass  over,  and  as  most  waters  contain  more  or  less  ammonia — 
either  free  or  as  carbonate  or  nitrite — these  will  be  foimd  in  the  first 
portion  of  the  distillate,  as  also  in  some  cases  other  volatile  impiu-ities 
of  an  organic  character.  Hence  it  is  very  necessary  that  the  chemist 
should  in  aU  cases  satisfy  himself  of  the  purity  of  the  distilled  water  he 
uses  in  his  laboratory,  especially  that  required  for  water  analysis  and 
the  employment  of  the  Nessler  Reagent. 

The  distillation  of  water  is  carried  out  on  a  large  scale  on  board 
many  ships,  it  being  prepared  from  sea  water.  The  water  thus  obtained 
sometimes  contains  a  little  free  hydrochloric  acid  derived  from  the 
decomposition  of  the  chloride  of  magnesium. 
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The  water  so  piu-ified  being-  deprived  of  carbonic  acid  and  oxygen, 
requires,  before  it  becomes  palatable,  to  be  re-aerated.  This  object  is 
effected  by  an  appsyatus  specially  devised  by  the  late  Dr.  Normandy, 
and  which  is  much  employed  on  board  ship. 

Now,  water  possesses  to  a  considerable  extent  the  power  of  absorb- 
ing and  holding  dissolved  a  great  variety  of  gaseous  and  solid  matters ; 
these  are  sometimes  poured  directly  into  the  water,  but  usiuiUy  they 
come  into  contact  with  it  in  its  passage  over  or  through  the  various 
sti-ata  or  substances  of  which  the  earth  is  composed. 

In  this  way  all  water  becomes  more  or  less  contaminated  or 
impregnated  with  a  variety  of  impm-ities,  which  may  be  divided  into 
three  classes— the  inorganic  or  mineral,  the  c/aseous,  and  the  organic, 
the  natm-e  of  the  principal  of  each  of  which  we  shaU  next  consider. 

THE  MINERAL  CONSTITUENTS. 

The  ordinary  mineral  constituents  present  in  water  are  lime, 
vingnesia,  soda,  iwtash,  and  ammonia,  with  frequently  ii-on  and  alumina, 
which  are  bases,  and  chlorine,  sulphu7-ic,  carbonic,  nitrous  and  nitric,  and 
sometimes  silicic  and  jj/iosp^wric  acids,  which  are  for  the  most  part  in 
imion  with  these  bases,  though  most  waters  contain  considerable  quan- 
tities of  uncombined  carbonic  acid  as  well  as  of  air.  Now,  these 
several  bases  and  acids  are  variously  combined,  producing  a  variety  of 
resulting  salts ;  but  most  potable  waters  contain  carbonate  of  lime, 
held  in  solution  by  excess  of  carbonic  acid,  sulphate  of  lime,  or  of  soda, 
and  chloride  of  sodium,  or  salt. 

Now,  none  of  these  salts  are  iujm-ious  in  themselves,  imless  when 
pi'esent  in  considerable  amounts  ;  stiU  they  afford  valuable  evidence  in 
many  cases  of  the  impvu-ity  of  water,  since  a  large  excess  of  sulphate  of 
lime  and  chloride  of  sodiium  is  usually  indicative  of  contamination  by 
sewage.  Not  necessarily  so ;  but  when  these  salts  not  merely  occur  in 
large  amoimts,  but  are  also  associated  with  certain  organic  matters  to  be 
noticed  hereafter,  the  evidence  of  impm'ity  is  complete.  It  is  found,  as 
a  matter  of  experience,  that  the  two  kinds  of  impm-ity  often  go 
together ;  thus  chlorine,  sodiimi,  and  sulphmic  acid,  in  their  combined 
state,  are  all  derived  largely  from  our  food ;  from  this  they  pass  into 
the  excreta,  thence  into  the  sewers  and  soil,  and  finally  into  rivers  and 
surface-wells,  which  are  still  too  often  the  sources  of  our  water  supply. 
Whenever,  then,  chloride  of  sodium  and  sidphate  of  lime  are  present  in 
a  water  in  large  amount,  together  with  any  considerable  quantity  of  the 
organic  mattei-s  pi'esently  to  be  noticed,  we  may,  as  a  ride,  safely  pro- 
noimce  the  water  to  be  impm-e,  and  to  have  been  subject  to  sewage 
contamination. 

Lastly,  a  very  common  constituent  of  our  food  is  phosphoric  acid, 
in  the  combined  state.  Should  this,  therefore,  be  discovered,  even  in 
the  minutest  amount,  in  a  di-inldng  water,  its  presence  may  be  safely 
accepted  as  evidence  of  pollution  by  sewage. 
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So  much  for  the  significance  to  be  attached  to  the  presence  of  inor- 
ganic or  mineral  matter  in  water. 

TTTFl  GASEOUS  CONSTITtTTENTS. 

The  ga&cous  impurities  are  chiefly  oxygen,  carhontc  acid,  niti'ogen, 
with  occasionally  carhure.tted  and  sulphuretted  hydrogen. 

The  soil  is  said  to  contain  two  hundred  and  Hfty  times  as  much  car- 
bonic acid  as  the  air.  This  acid  is,  of  course,  readily  absorbed  by 
the  water,  when  in  its  tm-n  it  acts  upon  and  dissolves  various  sub- 
stances with  which  it  is  brought  into  contact  by  the  descent  of  the 
water  thi-ough  the  earth. 

THE  OEGAOTC  CONSTITtnEKTS. 

We  will  now  turn  to  the  consideration  of  the  organic  materials  and 
derivatives  found  in  water — namely,  albuminoid  matter  in  solution,  dead 
and  decaying  organic  matter  in  suspension,  and  various  living  2^roductions 
belonging  both  to  the  vegetable  and  animal  kingdoms.  The  principal 
and  most  important  substance  found  is  albiunen,  or  some  allied  albumi- 
noid matter.  This  has  usually  several  som-ces.  Thus  (1)  the  decay  of 
vegetable  and  animal  remains  in  the  water  itself ;  (2)  vegetable  and 
animal  matter  received  from  ditches  and  dykes,  and  dissolved  out  of  the 
earth  by  the  rain-water  in  its  passage  to  a  river ;  (3)  the  discharge  of 
sewers  into  the  water  ;  (4)  the  entrance  of  hmnan  excreta  independent  of 
sewers  ;  (o)  the  refuse  of  many  manufactories  on  the  banlis  of  rivers. 

But  this  albuminoid  matter,  so  long  as  it  is  undecomposed,  and 
retains  its  integrity,  is  innocuous.  Nobody  finds  fault  with  it  in  his  soup, 
or  suspects  it  of  producing  fever  ;  and  yet  in  this  it  exists  in  quantities 
of  courae  far  exceeding  that  present  in  even  the  very  worst  of  waters. 

Like,  however,  other  allied  organic  substances,  it  speedily  imdergoes 
decomposition,  resolving  itself  in  part  into  nitrous  and  nitric  acids, 
and  ammonia.  In  the  first  place,  therefore,  the  quantity  of  the  albu- 
minoid organic  matter  affords  a  most  conclusive  and  important  test  of 
the  quality  of  the  water,  and  in  the  second,  the  amounts  of  the  nitrous 
or  nitric  acid  and  ammonia  which  are  derived  fi'om  the  albuminoid  matter. 

We  stated  that  the  imdecomposed  organic  matter  of  water  is  non- 
injurious,  and  the  same  must  be  said  of  the  nitrites  and  nitrates  when 
not  in  very  large  amounts,  and  ammonia ;  but  the  fact  really  is  that  the 
nitrogenous  matter  in  water  is  constantly  undergoing  change,  not  only 
being  converted  into  the  acids  and  volatile  alkali  above  named,  but 
into  other  compounds,  the  nature  and  properties  of  which  are  for  the 
most  part  unknown.  Even  if  it  does  not  give  rise  itself  to  injurious 
compounds,  it  may  possibly  supply  the  food  necessary  for  their  forma- 
tion or  development. 

But  waters  also  contain  non-nitrogenous  organic  matters,  the 
nature  of  which  is  but  little  understood,  and  the  amount  of  which  is 
but  seldom  estimated,  except  by  Dr.  Frankland,  and  those  who  adopt 

c  2 


20 


WATER  AND  ITS  IMPURITIES. 


his  process  of  water  analysis  ;  but  we  are  of  opinion  tliat  anytLinp  like 
a  complete  a,nd  practical  analysis  should  embrace  siicli  an  estimation. 

Some  of  tliese  non-nitrogenous  matters  have  been  described  as 
consistmg  of  Inmiin,  ulmin,  and  of  the  acids  derived  therefrom,  as 
huniic,  ulmu;  crenic  and  ajwcrenic  a.nAgeic  acids,  aU  of  which  are  stated 
to  combine  readily  with  ammonia. 

Other  organic  acids  which  have  been  found  in  much  contaminated 
waters  are  the  following  fatty  acids:  fonnic,  acetic,  jvoprionic,  butyric, 
and  caproic  ncids.  As  much  as  1-5  gramme  per  litre,  or  105  grains 
per  gallon  of  hutyrate  of  lime,  have  been  detected  by  Schweitzer  in  the 
water  of  a  much  contaminated  well.  Lastlv,  waters  frequently  con- 
tain organic  colouring  matters,  extracted  for  the  most  part  from  decay- 
ing vegetable  matter,  as  from  peat. 

ON  WHAT  DO  THE  INJimiOTTS  PROPERTIES  OF  SOME  WATERS  DEPEND  ? 

Now,  since  none  of  the  compoimds  we  have  named  possess  in- 
jui-ious  properties  in  themselves,  on  what  do  the  well-ascertained 
powers  of  a  water  to  produce  disease  depend  ?— what  confers  on  the 
water  its  destructive  and  lethal  power  ?  The  answer  to  this  all-im- 
portant question  is  unfortunately  not  so  clear  and  definite  as  we  could 
wish.  But  it  is  a  fact,  well  attested  by  the  concui-reut  evidence  of 
many  observers,  that  the  waters  which  have  been  proved  to  give  rise 
to  disease  are  those  in  which  the  organic  or  albimiinoid  matters  and 
their  derivatives  most  aboimd.  Again,  it  cannot  be  questioned  but 
that  the  power  of  water  to  disseminate  disease  arises,  in  most  cases, 
fi-om  the  fact  of  that  water  containing  the  materies  morbi,  possibly 
the  qerms,  of  the  disease  itself. 

We  are,  then,  entitled  to  demand,  on  the  groimd  of  experience, 
that  the  water  we  consume  for  drinlring  pm-poses  should  be  of  the 
highest  standard  of  pm-ity  obtainable ;  and  we  will  hereafter  attempt 
to  fix  what,  in  oiu- judgment,  should  be  that  standard. 

THE  HARDNESS  OP  WATER. 

The/*(7/-fZHess  of  awater  mainly  depends  upon  the  amoimts  carbonate 
and  sulphate  of  lime  present,  the  former  giving  rise  to  what  is  called 
temi)orary  hardness,  because  it  is,  for  the  most  part,  removed  by  pro- 
longed boiling,  by  the  precipitation  of  the  carbonate  of  lime  thi-ough 
the  expulsion  of  a  portion  of  the  carbonic  acid;  and  the  latter  to 
permanent  hardness,  because  it  is  not  thus  removable,  but  the  chlorides 
of  calcium  and  magnesium  and  the  nitrites  and  nitrates  of  the  same  bases 
also  contribute,  in  many  cases,  to  the  hardness  of  a  water. 

Now  a  hard  water  is  injurious  for  drinking,  because  its  powers  as  a 
solvent  for  the  food  are  impaired,  and  because  it  is  taken  up  by  the 
absorbents  of  the  stomach  with  much  greater  difficulty  than  a  soft 
water;  thus  impeding  digestion.  Fm-ther,  a  hard  water  is  bad  for 
cooMng,  because  of  the  impainnent  of  its  solvent  or  extractive  proper- 
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ties.  It  is  also  bad  for  -wasliinp;.  '  Each  degree  of  hardness  indicates 
the  "destruction  and  waste  of  12  lbs.  of  the  best  hard  soap  by  100,000  lbs. 
of  water.'  (FrcmJcland.) 

The  carbonate  of  lime  in  water  decomposes  about  ten  times  its 
weio-ht  of  soap  in  washing— more  exactly,  8-8  of  white  cm-d  soap,  and 
10-7  of  common  yeUow  soap  ;  and  other  salts  of  lime  act  injuriously 
upon  soap  in  proportion  to  the  lime  they  contain,  the  soluble  soap, 
stearate  and  olente  of  soda,  being  converted  into  an  insoluble  and 
useless  compoimd,  stearate  and  oleate  of  lime :  the  water,  then,  is 
deprived  of  lime,  or  softened,  at  the  expense  of  the  soap.  The  lime  in 
100  gallons  of  Thames  or  New  River  water  thus  occasions  the  destruc- 
tion of  about  34  ounces  of  soap  before  any  portion  of  it  becomes 
available  as  a  detergent. 

The  Chemical  Commission  of  1851  treated  fully  of  this  subject, 
especially  as  connected  with  the  Metropolitan  water  supply,  and 
their  e-\adence  was  to  the  following  eifect : — 

'  The  softer  the  water  the  better  it  is  adapted  for  washing  with 
soap,  the  earthy  salts  present  causing  a  definite  and  calcidable  loss 
of  soap,  which  'may  be  taken  as  amoimting,  in  every  gallon  of  water 
used  in  washing,  to  10  grains  of  soap  to  each  degree  of  hardness  of  the 
water.  Thus,  with  one  gallon  of  Thames  water  of  14  degrees  of  hard- 
ness before  boiling,  the  loss  of  soap  would  be  140  gi'ains,  and  at  5 
degi-ees  of  hardness,  after  boiling,  the  loss  of  soap  would  be  50  grains ; 
or  with  100  gallons  of  water,  the  loss  in  the  first  case  would  be  32 
ounces,  and  in  the  second  about  llh  ounces.' 

Taking  the  whole  quantity  of  soap  used  in  the  washing  of  linen, 
first  to  soften  the  water,  and  aftei-wards  to  cleanse  the  linen,  the 
Commissioners  estimate  the  loss  at  42  per  cent,  when  the  water  is 
employed  cold,  and  14  per  cent,  with  woollens  ;  or  where  the  same 
water  is  softened  by  boiling,  at  20  per  cent,  for  linen,  and  6  per  cent, 
for  woollens. 

Now  there  is  a  great  fallacy  or  sora-ce  of  error  pervading  the  cal- 
culations as  to  the  loss  of  soap,  arising  from  the  use  of  the  boiled 
water.  Much  of  the  water  thus  used  has  not  been  softened  to  anything 
like  five  degi-ees  of  hardness ;  and  hence  the  destruction  of  soap  is  rnuch 
greater  than  that  stated  in  the  calculations  above  given. 

Now,  the  hardness  of  the  London  waters  has  led  to  the  extensive 
emplojrnent  of  soda.  This  precipitates  all  salts  of  lime,  and  so  softens 
the  water,  and  therefore  effects  a  great  saving  of  soap  ;  but  the  soda 
costs  something,  and  it  exerts  a  highly  injm-ious  effect  on  the  fibre  of 
the  linen  or  cotton,  as  also  on  the  colours  of  certain  prints. 

Fm-ther,  the  Commissioners  state,  '  It  is  found  proper  to  avoid 
boiling  any  portion  of  the  Thames  water  that  is  used  in-tlie  wash-tub, 
or  even  heating  the  water  above  a  certain  point ;  for  the  carbonate  of 
lime  precipitates  on  the  linen,  carrying  down  the  colouring  matter 
of  the  water  with  it,  producing  stains  which  there  is  the  greatest 
difficulty  in  afterwards  removing  from  the  linen.  The  colour  of  the 
water  is  thus,  indeed,  fixed  upon  the  cloth  by  the  precipitated  lime 
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with  the  tenacity  of  a  mordant.  The  evil  of  the  hardness  of  the  water 
js,  therefore,  aggravated  hy  the  flood-tinge,  or  clay-colour,  which  the 
Loudon  waters  often  exhibit  for  several  nionths  in  "the  year. 

The  number  of  gallons  of  water  generally  used  with  a  certain 
weight  of  soda  is  considerably  grbater  iu  London  washing  than  in  the 
practice  of  tlie  Lancashire  bleachers,  so  that  the  waste  of  soap  from 
hardness  cannot  fall  below,  but  may  exceed,  the  previous  estimate. 

'  In  the  washing  of  the  person  the  saving  of  soap  by  the  use  of  soft 
water  is  most  obvious.  For  baths,  soft  water  is  most  agreeable  and 
beneticial,  and  might  contribute  to  their  more  general  use.  Its  superior 
efficiency  to  hard  water  in  washing  floors  and  walls  is  calculated  also 
to_  promote  a  greater  cleanliness  in  the  dwellings  of  all  classes,  both 
within  doors  and  externally.' 

The  witnesses  examined  on  tliis  point  were  ]Mi-.  Bateman,  ]\Ir. 
Hawksley,  Mr.  Rawlinson,  JMr.  Way,  Mr.  Duncan,  Dr.  Letheby, 
Dr.  Playfair,  Dr.  Parkes,  Mr.  Samson,  Dr.  Fraukland,  Dr.  Odling.  Dr. 
Miller,  Dr.  Angus  Smith,  and  Mr.  Heron.  They  all  concm-  in  the 
great  advantages  of  the  use  of  soft  water  for  the  washing  of  linen  and 
of  the  person,  for  dyeing,  with  some  exceptions,  and  for  manv  manu- 
factm-ing  purposes.  Dr.  Letheby,  in  estimating  the  loss  of  soap, 
proceeds  on  the  basis  that  all  the  heated  river  water  used  is  reduced 
to  a  uniform  standard  of  6  degrees  of  hardness.  In  reference  to  this 
point.  Dr.  Franldand  states  that  he  considers  '  the  advantayes  of  tem- 
porary over  permanent  hardness  have  been  cmisiderably  overrated,  as 
%oater  used  hot  for  domestic  2>urposes  is  either  7iot  boiled  or  boiled  for 
too  short,  a  time  to  produce  the  full  softening  effect.^ 

With  respect  to  the  efi'ects  of  hard  water  upon  health,  Dr.  Parke.s 
gave  the  following  evidence  before  the  Eoyal  Commission  on  Water 
Supply  of  1869  :— 

'  With  regard  to  the  efi'ects  upon  health  of  the  use  of  hard  waters, 
distinguishing  between  the  carbonate  of  lime  water  and  the  sulphate 
of  lime  and  sulphate  of  magnesian  waters,  the  carbonate  of  lime  waters 
appear,  in  some  cases,  certainly  to  produce  some  e  fleet  upon  health — 
for  instance,  dyspepsia ;  and  they  do  not  agree  with  some  class  of 
persons,  whereas  to  others  they  appear  quite  harmless.  There  is  a 
large  population  living  upon  chaUc  water,  and  we  cannot  trace  any  very 
decided  effect  upon  their  health  in  the  production  of  any  class  of  dis- 
ease— calculus,  or  anything  of  that  kind ;  but  at  the  same  time 
persons  do  sometimes  suffer  from  indigestion.'  When  asked  '  Would 
16  or  20  degrees  of  hardness  be  prejudicial  ?' he  replied,  'I  think 
that  degree  of  hardness  would  be  certainly  prejudicial.  I  thinlc  that 
very  probably  it  might  disagree  with  a  great  many  persons;  but 
supposing  it  reached  to  8  or  10  or  12  degrees  of  hardness  from  car- 
bonate of  lime,  it  might  be  considered  probably  good  water  so  far  as 
that  was  concerned ;  but  I  should  draw  a  marked  distinction  between 
that  and  the  hardness  arising  from  sulphate  of  lime,  or  sulphate  of 
magnesia  or  chloride  of  calcium,  which  would  certaiuly  disagree  iu 
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mucli  smaller  quantities  :  so  that  the  goodness  of  water  for  drinking 
pm-poses  I  would  estimate  according  to  its  permanent  hardness  rather 
than  its  temporary  hardness.' 

Pressed  with  other  questions,  the  witness  replied  :  '  for  troops,  in 
all  cases  we  should  prefer  a  soft  water,  if  it  were  possible  to  obtain  it.' 

'  Speaking  generally,  you  are  of  opinion  that  the  mere  presence  of 
carbonate  of  lime  of  '15  degrees  of  hardness  would  not  be  injurious 
to  health  ?  ' — '  With  15  or  16  degrees  of  carbonate  of  lime  hardness,  ! 
should  say  that  it  would  be  a  hard  water,  and  with  some  persons  it 
would  disagree  and  produce  dyspepsia.  I  think  it  should  not  exceed  . 
10  or  12  degi-ees,  if  possible.  At  the  same  time,  I  should  wish  to 
state  that  I  would  prefer  water  free  from  that  even.' 

For  many  years  past  we  have  never  lost  an  occasion  to  advocate 
the  use  of  soft  water  in  preference  to  hard ;  and  we  have  more  than 
once  treated  of  this  important  subject  in  the  pages  of  '  Food,  Water, 
and  Air.' 

The  introduction  of  soft  water  for  the  use  of  towns  and  cities  met 
with,  at  fii-st,  great  opposition,  and  this  from  quarters  whence  it  might 
have  been  the  least  expected ;  namely,  on  the  part  of  some  medical 
men  and  chemists.  It  was  affirmed  that  the  lime  of  the  water  was 
necessary  to  the  grO'Wth  of  the  bones,  that  without  it  they  woiUd 
become  soft ;  and,  indeed,  that  the  whole  frame  without  a  powerfirl 
osseous  skeleton  would  become  weak  and  stunted.  Those  who  made 
use  of  this  argument  forgot  that  phosphoric  acid  is  as  necessary  to  the 
bones  as  lime,  and  that  water  does  not  furnish  a  particle  of  this  acid 
to  the  bones,  it  being  obtained  fi'om  the  various  articles  of  food  con- 
smued ;  and  if  a  sufficient  supply  of  phosphoric  acid  be  obtainable 
from  this  source,  why  not  the  requisite  quantity  of  lime  ? 

For  a  long  time  this  objection  to  the  use  of  soft  water  prevailed, 
and  prevented,  in  many  cases,  its  introduction  for  the  supply  of  towns. 
In  some  quarters  the  notion  still  lingers,  and  this  groundless  objec- 
tion continues  to  be  m-ged  with  pertinacity,  especially  where 
interest  points  to  the  use  of  hard  water.  That  it  is  without  any  real 
foundation  has  now  been  proved  by  the  experience  of  those  towns 
which  have  for  some  years  been  supplied  with  soft  water. 

A  fm-ther  objection  persistently  urged  against  the  employment  of 
soft  water  for  a  town  supply  is  the  liability  of  such  water  to  act  on 
lead  piping.  But  experience  has  also  shown  that  this  fear  has  been 
gi'eatly  exaggerated. 

Liverpool,  Manchester,  Newcastle,  and  many  other  cities  are  now 
supplied  Avith  very  soft  water  and  this  without  any  detriment  to 
health. 

Here  then  we  have  a  large  body  of  evidence  of  a  very  clear  and 
convincing  character  all  in  favour  of  the  use  of  a  soft  water. 

It  is  therefore  abundantly  established  that  hard  water  is  wasteful 
of  soap  in  the  washing  of  linen ;  that  it  renders  the  operation 
more  laborious  and  less  effective  ;  that  it  is  injurious  to  the  linen  it- 
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self ;  that  it  is  wasteful  of  soap  in  personal  ablutions,  besides  beintr 
far  less  agreeable  and  efficient ;  and,  in  fact,  that  it  is  objectionable 
for  cleansing  purposes  generally,  and  that  it  is  a  serious  hindrance  to 
the  sanitaiy  use  and  effects  of  such  water. 

THE  SOFTENING  OP  WATER. 

Many  years  since  the  late  Professor  Clarke,  of  Aberdeen,  took  out 
his  well-Imown  patent  for  softening  water. 

The  principle  of  this  process  consists  in  adding  a  solution  of  caustic 
lune  to  the  water  to  be  softened.    The  effect  of  this  is,  to  abstract  a 
ortion  of  _  tlie  carbonic  acid  fi-om  the  carbonate  of  lime  in  solution 
oth  portions  of  lime  being  thus  brought  into  the  condition  of  a 
neutral   carbonate,  so   little  soluble   is  water,  and  which  hence 
becomes  gradually  precipitated. 

The  water  to  be  softened  is  divided  into  two  portions,  a  laro-er  one 
consisting  of  about  three-fom-ths  and  a  small  one  of  one-fourth'!  The 
larger  quantity  is  rendered  decidedly  alkaline  by  the  addition  of  lime 
water,  and  then  the  second  portion  is  added  to  it. 

The  quantity  of  lime  water  required  is  thus  determined  for  each 
water  for  which  the  process  is  employed.  The  alkali  may  then  be 
added  with  frequent  stirring  to  the  great  bulk  of  the  water  to  be 
softened,  as  contained  in  one  or  more  reservoirs,  lined  with  concrete. 
Care  must  be  taken  to  render  the  water  as  nearly  neutral  as  possible, 
as  any  excess  of  free  lime  woidd  be  very  objectionable,  and  this  may 
be  guarded  against  by  the  employment,  as  indicator,  of  a  solution  of 
nitrate  of  mercury,  added  to  a  small  quantity  of  the  watei-,  the  black 
sub-oxide  of  merciu-y  being  thi-own  down  on  the  addition  of  the  alkali. 

This  process  does  not  of  com-se  remove  the  lime  from  those  com- 
binations which  give  to  water  its  permanent  hardness ;  but  since  usually 
the  greater  portion  of  the  hardness  of  a  water  is  of  the  temporary 
character,  it  is  in  most  instances  highly  effectual  in  the  softening  of  a 
water,  often  removing  nearly  the  whole  of  the  hardness. 

The  Chemical  Commission  of  1851  recommended  the  adoption  of 
this  process  to  the  Thames  water  with  which  London  is  supplied,  and 
they  estimated  the  cost  at  about  20s.  per  million  gallons  of  water. 

The  process  has,  in  fact,  been  applied  in  several  instances  to  the 
softening  of  the  water  supply  of  towns  with  very  great  success  and 
advantage.  And  it  may  be  said,  in  fru'ther  recommendation  of  it,  that  it 
not  merely  softens  the  water,  but  that  it  also  purifies  it  to  a  consider- 
able extent,  the  carbonate  of  lime  carrying  down  with  it  all  the  sus- 
pended organic  matter,  with  but  a  small  portion  only  of  the  dissolved 
organic  matter. 

The  carbonate  of  lime  obtained  by  this  process  should  be  collected, 
made  into  cakes  and  sold.  It  is  often  of  a  superior  quality,  and 
its  sale  would  repay  part  of  the  cost  of  the  process  itself. 
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OK  THE  aiTALITY  OF  WATER. 

The  quality  of  a  water  and  its  suitability  or  otherwise  for  domestic 
use  depend  first  upon  the  nature  and  quantity  of  the  several  mineral 
constituents  which  enter  into  its  composition,  and  secondly,  on  the 
on/anic  ingredients,  in  solution,  in  suspmmon,  or  in  the  form  ol  living 

"^^"it  has  been  shown  that  aU  the  salts  of  lime  and  magnesia  found  i^n 
water  render  it  hard,  and  therefore  if  they  are  present  m  considerable 
amount,  the  water  is  thereby  rendered  unsuitable  for  di-inlnng,  cooking, 

and  washing.  ,  .  ,    .  ^  j_  •  .^^ 

Other  mineral  constituents  of  water,  which,  if  present  m  anything 
like  considerable  amount,  are  to  be  viewed  with  suspicion,  are  the 
chlorides,  especially  chloride  of  sodium,  and  the  sulphates,  particu- 
larly sulphate  of  lime.  The  reason  of  this  is,  that  while  there  are 
but"  few  natural  sources  of  sidphates  and  of  chloride  of  sodium, 
they  are  abundantly  contained  in  the  excreta,  and  make  their  way 
into  om-  drinking  water  either  by  percolation  thi-ough  the  soil,  or  by 
beino-  cast  as  sewage  into  om-  rivers  and  streams,  which  are  too  often 
the  soiu-ce  of  om-  water  supplies.  Dr.  Angus  Smith,  in  his  evidence 
before  the  Koval  Commission  on  Water  Supply  in  1869,  thus  refers 
to  the  occm-rence  of  nitrates  and  chloride  of  sodium  in  waters.  The 
niti-ates,  he  says,  '  are  what  I  have  caUed  Old  Organic  Matter.  Where 
nitrates  are  caused  by  matter  from  animals,  there  is  always  a  corre- 
sponding amount  of  common  salt.  Men  take  fi-om  200  to  300  grains 
at  least"  of  common  salt  eveiy  day,  and  it  is  given  out  every  day. 
This  is  the  most  unchangeable  accompaniment  of  sewage.  Whenever 
chlorine  is  largely  in  water,  it  is  necessary  to  look  for  nitrates  derived 
from  sewage ;  and,  as  a  rule,  it  is  so  constant  that  there  is  scarcely 
any  exception.  When  we  find  much  more  than  the  average  quantity  in  a 
we'll-water,  nitrates  are  foimd  also,  and  if  the  water  in  a  distiict  is 
pretty  well  known— that  is  to  say,  if  the  amoimt  of  chlorine  in  water 
Irom'any  district  is  pretty  weU  known,  and  a  specimen  of  that  water 
should  indicate  rather  more  chlorides  than  usual — you  may  conclude 
vrith  almost  certainty  that  it  is  from  sewage.' 

With  regard  to  its  organic  constituents  any  considerable  amoimt 
of  albuminoid  organic  matter  renders  the  water  unfit  for  use,  and  the 
same  may  be  said  to  a  certain  extent  of  the  organic  matter  sus- 
pended in  water,  and  especially  of  the  living  productions  which  impiu-e 
waters  so  frequently  contain  in  such  abundance.  But  it  must  be 
remembered  that  in  this  latter  case  this  dead  and  living  organic 
matter  is  capable  of  being  removed  to  a  large  extent  by  an  efficient 
process  of  filtration. 

Another  circumstance  to  be  taken  into  consideration  in  expressing 
an.  opinion  as  to  the  quality  of  a  water  supply  are  the  fluctuations  in 
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the  amounts  of  the  nitrogenous  organic  matter  found  in  certain  waters 
especially  river  waters  in  summer  and  winter.  Tliese  are  shown  in 
the  analyses  of  Drs.  Franldand  and  Odling,  made  for  the  Royal  Com- 
mission on  Water  Supply,  ]  869,  to  he  very  great  and  remarkable 


Th.ames  below  weir, 
at  Staines. 

Filtered  Tliames  water 
at  Hampton. 

May  2nd. 

Oct.  28th. 

May  4tli. 

Oct.  28th. 

In  100,000  parts  or- 
ganic nitrogen  . 
Ditto  carbon  . 

•027 
•304 

•097 
•304 

•024 
•260 

•0.57 
•263 

.  The  foUowing  causes  appear  to  us  to  afford  some  explanation  of 
this  sti-ilang  difference,  and  to  account  for  the  much  larger  quantity 
ol  albuminoid  organic  matter  in  winter.  First,  the  streams  and  floods 
of  winter  which  wash  out  the  dykes  and  ditches  in  commimication 
with  the  Thames;  second,  the  death  and  decay  of  many  forms  of 
vegetable  and  animal  life ;  third,  the  diminution  in  the  amount  of 
minute  and  infusorial  life  in  the  water  ;  and,  fourth,  the  slower  decom- 
position and  destruction  of  the  organic  matter  in  winter. 

The  presence  likewise  in  considerable  amounts  of  ammonia,  nitrous, 
and  nitric  acids,  derivatives  of  lu'ea  and  albuminoid  matter,  woidd  also 
serve,  especially  when  taken  in  conjunction  with  other  unfavourable 
results  of  analysis,  to  condemn  a  water.  With  respect  to  nitrous  and 
nitric  acids  in  water  much  has  been  said  and  written,  and  much  dis- 
cussion has  taken  place  as  to  their  significance  and  importance  in 
potable  waters. 

PURIFICATION'  OF  WATER, 

Impure  water,  when  left  for  a  time,  imdergoes  two  different 
processes  of  pm-ification.  The  one  results  from  the  decomjjosition  of 
the  organic  matters  contained  in  the  water,  and  theii-  breaking-up  into 
ammonia,  carbonic  acid,  sidphm-etted  hycbogen,  &c. ;  the  other  is  due 
to  the  oxidation  of  that  matter,  the  oxygen  being  derived  from  the 
air  continually  absorbed  by  the  water.  "This  process  of  oxidation  is, 
of  course,  gi-eatly  promoted  by  the  motion  and  agitation  of  the  water, 
as  this  brings  the  oxygen  into  more  intimate  contact  with  the  organic 
matters  in  solution.  * 

Both  these  methods,  judged  by  their  practical  residts,  and  especially 
the  latter,  are  highly  important ;  and  were  it  not  for  them,  disease 
resulting  from  the  drinking  of  impure  water  would  be  of  much  more 
frequent  occurrence  than  it  now  is,  and  it  is  only  of  late  years  that  the 
importance  of  the  purification  of  water  by  oxidation  has  been  at  all 
adequately  recognised.    But  even  now  the  extent  and  limits  of  "its 
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operation  are  -but  ill  defined,  and  exact  experiments  are  still  required 

to  test  its  full  A-alue.  .„     .  .  i. 

In  reference  to  this  question  of  the  pimfication  of  water  hy  oxida- 
tion, Dr.  Lethehv  made  the  foUowing  statements  m  evidence  given 
i  before  the  Eoyaf  Commission  on  Water  Supply  m  1869  when  asked 
•the  question,  'Have  vou  at  aU  ascertained  in  what  length  of  time  or 

■  distance  polluted  matter  will  be  decomposed  and  transformed  m  its 
:  chemical  qualities;  for  example,  supposing  we  had  the  sewage  Irom 

Richmond  pom-ed  into  the  Thames,  how  far  down  the  river  would  it 
be  lost  as  sewage  and  broken  up  into  other  chemical  elements  f  he  thus 
irepHed-  'I  have  made  a  very  great  number  of  chemical  experiments 
.  to  determine  that.    I  have  examined  most  of  the  rivers  m  England, 

■  and  this  is  the  conclusion  that  has  been  come  to,  hot  only  m  my  mmd, 
"  but  in  the  mmcis  of  all  the  cMcjineers  who  have  devoted  their  attention  to 
,  this  suhjcct,—t\id  if  ordinary  sewage,  coutainmg,  we  wiU  say,  nearly 

100  grains  of  solid  matter  per  gallon,  such  as  om-  London  sewage, 
.  out  of  which  probably  something-  like  14  or  15  gi'ams  are  organic, 
be  mixed  with  twenty  times  its  bulk  of  the  ordinary  river  water  and 
flows  a  dozen  miles  or  so,  there  is  not  a  particle  of  that  sewage  to  be 
discovered  by  any  chemical  processes. '  i  i  /-i 

Mr.  Wanklyn  gave  the  following  evidence  before  the  Koyal  Com- 
mission in  reference  to  the  same  matter.  In  reply  to  the  observation : 
'  Q.  5482.  It  has  been  stated  in  evidence  before  us  that  if  you  pour  into 
water  a  volume  of  sewage  equal  to  5  per  cent,  of  the  volume  of  water 
into  which  it  is  cast,  the  water  will  so  operate  upon  it  in  deodorizing 
and  destroying,  and  breaking  up  its  elements— into  its  primitive 
elements,  in  fact— that  it  would  no  longer  be  sewage,  or  possess  any 
of  its  noxious  qualities.  You  apparently  hold  a  contrary  opinion  ?— 
This  I  am  sure  of:  the  m-ea  in  the  sewage  in  such  a  water  would  be 
Tery  readily  broken  up  into  ammonia  and  carbonic  acids,  and  a  little 
exposure  would  dispose  of  the  urea ;  but  the  albuminoid  matter  in 
sewage  is  extremely  persistent,  and  one  of  the  results  of  the_  whole 
investigation  is  this,  that  albuminoid  matter  is  very  persistent  indeed, 
and  you  could  not  depend  upon  any  treatment  such  as  you  have  men- 
tioned getting  rid  of  the  albuminoid  matter. 

'  5485.  But  will  not  certain  changes  talie  place  even  in  the  albu- 
minoid matter  ?— Yes,  certainly ;  but  the  change  is  very  slow,  and  it 
is  very  irregular.' 

Of  the  evidence  of  Dr.  Frankland,  the  following  questions  and 
answers  embrace  the  more  important  parts  : — 

'  Q.  G222.  What  does  your  experience  tell  you  is  the  effect  of  the 
quality  of  the  present  supply  in  London  on  the  health  of  the  popula- 
tion generally?— I  cannot,  of  coiu'se,  trace  any  direct  connection 
between  the  present  supply  and  the  health  of  the  population,  but  1 
consider  that  water  contaminated  with  sewage  contains  that  which  is 
noxious  to  human  health.  There  is  no  process  practicable  on  a  large 
scale  by  which  the  noxious  material  can  be  removed  from  water  once 
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so  contaminated;  and  therefore  I  am  of  opinion  tliat  water  wliich  has 
once  been  contaminated  hy  sewage  or  maniu-e  matter  is  thenceforth 
unsmtable  for  domestic  use. 

'  6226.  You  state  that  you  have  come  to  the  conclusion  that  sewao-e 
has  been  the  cause  of  the  contaminations  of  this  water,  because  you 
tind  a  skeleton  there  in  the  form  of  nitrates  and  nitrites  ?— Yes ;  and 
also  ol  ammoma,  which  I  think  I  omitted  to  mention  :  but  that  is  a 
very  insigmhcant  part  of  the  skeleton. 

'  6227.  Is  it  possible  that  those  niti-ates  and  nitrites  could  be  pre- 
sent m  the  water  without  its  having  been  contaminated  with  sewao-e  ? 
Could  they  be  produced  by  some  other  cause  than  that  of  sewao-el"— 
ihey  could  be  caused  by  manure  thi-own  into  the  water,  or  by  manure 
applied  to  the  land. 

'  6228  But  are  they  attributable  to  nothing  else  ?—No ;  nothing 
else,  I  bebeve.  ° 

'  6223.  With  regard  to  the  Kent  water,  we  had  some  evidence 
yesterday  to  the  eifect  that  you  must  have  been  mist<aken  in  finding 
traces  of  sewage  in  these  cliallf  wells,  the  water  being  taken  at  a  depth 
of  250  feet  m  the  chalk,  and  the  upper  part  of  the  wells  themselves 
bemg  lined ;  therefore  the  water  must  have  filtered  through  tlie  chalk: 
and  there  could  be  no  trace  of  the  skeleton  of  sewage.  Is  it  your 
opinion  that  the  skeleton  of  sewage,  as  you  describe  it,  will  find  its 
way  down  to  a  depth  of  250  feet,  and  that  after  filtration  through 
gravel,  and  ultimately  through  the  challr,  its  presence  will  still  be 
detected  ?— There  cannot  be  a  doubt  about  it,  that  this  skeleton  of 
which  I  speak,  but  which  is  a  very  different  thing  fi-om  the  sewage 
itj^elf,  is  present.  I  have  never  stated  that  the  water  which  has  filtered 
through  the  chalk  in  this  way  contains  unaltered  sewage ;  it  is  this 
imaginary  skeleton  of  sewage  that  I  find  in  water  so  filtered. 

'  6240.  The  presence  of  what  other  elements  would  lead  you  to  a 
conclusion  upon  the  quality  of  water  as  injmious  to  health  ?— In  the 
first  place,  when  water  is  once  contaminated  with  sewage,  there  is  no 
process  to  which  it  is  afterwards  subjected  which  will  eftectually 
remove  all  that  sewage  contamination  from  the  water;  filtration  wiU. 
not  do  it,  in  certain  cases,  at  all  events.  I  have  found  the  excrements 
of  cholera  patients  cannot  be  filtered  out  of  water ;  that  after  a  degTee 
of  filtration  which  I  believe  is  never  attained  by  the  water  companies, 
and  rarely  attained,  perhaps,  hy  the  passage  over  soils  in  irrigation,  this 
water  stiU  remains  opalescent  from  the  rice-water  evacuations  with 
which  it  has  been  mixed.  The  degree  of  danger  which  still  remains 
in  waters  from  different  som-ces  varies,  obviously,  according  to  the 
amount  of  filtration  that  the  water  imdergoes.  I  woidd  much  rather 
drink  the  challv  water  of  the  Kent  Company,  even  if  it  had  been  con- 
taminated to  four  times  the  extent  of  the  Thames  water,  than  I  woidd 
drinli:  the  Thames  water ;  because,  if  I  coidd  have  the  assiu'ance  that 
none  of  that  sewage  or  manm-e  water  had  foimd  its  way  into  the  well 
through  fissm-es  in  the  chalk,  the  chalk  water  having  passed  through 
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i  say  100  feet  of  chalk,  would  be  very  much  hetter  filtered  than  any  water 
iVhich  finds  its  way  to  the  Thames.  ,    ■,  .     ,  , 

'  6292    You  conclude  that  it  is  a  very  difficult  thmg  to  get  rid 
of  sewao-e  matter  by  rimuing  water  ?— I  do.    That  portion  of  it  which 
:  remains'' undecomposed  after  its  passage  thi-oiigh  the  servers  oxidizes 
1  Tvith  extreme  slowness. 

'  6297.  Did  I  rightly  understand  you  to  say  that  you  cannot  dis- 
I  tinc^uish  in  those  cases  whether  it  (the"organic  niti-ogen)  is_  derived  from 
•vegetable  matter  or  from  animal  matter? — I  have  said  that  until 
I  recently  it  had  been  impossible  to  distinguish  between  the  two  ;  but 
:  that  now  I  considered  that  the  proportion  between  the  carbon  and  the 
:  nitrogen  in  the  two  cases  afi"orded  a  basis  fi'om  which  we  could  in  many 
:  instances  decide. 

'  6328.  It  would  seem  that  you  cannot  very  well  refer  the  presence 
of  niti-ates  and  nitrites  in  the  water  exclusively  to  previous  sewage  con- 
tamination,—[After  alluding  to  the  presence  of  materials  in  rain-water 
which  may  ftu-nish  a  small  quantity  of  nitrates  and  nitrites,  Dr. 
Franklaud  observed]  :  But  it  is  a  remarkable  circumstance  that  waters 
which  it  is  well  known  cannot  be  contaminated  by  manm-e  or  by 
sewage,  never  do  contain  those  nitrates  in.  a  proportion  bringing  them 
max  to  the  point  of  contamination. 

'  6-S72.  Then  you  do  not  accept  the  theory  that  sewage  discharged 
at  point  A,  and  travelling  down  the  river,  is  so  oxidized  as  it  passes  a 
distance  of  six  or  seven  miles,  and  is  so  entirely  destroyed,  that  its 
orio-inal  elements  are  not  to  be  found ;  but  it  is  converted  into  some 
other  substance  or  substances  which  are  not  detrimental  to  human 
health  ?— I  believe  that  it  is  by  no  means  a  generally  true  proposition.' 
Dr.  Odling's  evidence  was  to  -^he  following  efiect : — 
'  Q.  6448.  Have  you  found  in  those  examinations  of  the  Thames 
water  the  presence  of  sewag-e  not  decomposed  ? — I  have  not. 

'  6461.  Has  yom-  attention  been  directed  to  the  important  principle 
of  the  self-purifying  process  which  is  going  on  in  rivers  running  at  a 
given  velocity? — Yes,  it  has.  There  may  be  great  difference  of  opinion 
as  to  the  degree  to  which  that  self-purification  takes  place,  but  that  it 
does  take  place  to  a  very  considerable  extent  I  think  is  imdeniable. 

'  6462.  Is  it  your  opinion  that  those  (nitrates)  which  have  been 
found  in  chaUc  water  are  due  to  sewage  ?— It  is  a  point  upon  which 
there  is  no  positive  evidence,  but  I  am  inclined  to  think  that  it  is  not 
80,  for  we  find  them  distributed  so  irregularly.  For  instance,  the  deep- 
well  water  at  Trafalgar  Square  and  the  deep-well  water  from  the  green 
sand  and  the  lower  chalk,  all  over  London,  is  nearly  free  fi-om  nitrates 
and  nitrites,  whereas  the  water  of  equally  deep  wells  elsewhere  in  the 
chalk  is  found  to  contain  very  considerable  quantities  of  nitrates  and 
nitrites.  The  deep-well  water  from  nearly  all  formations  has  been  found 
to  contain  nitrates.  Then,  moreover,  a  proportion  of  the  nitrates  which 
the  sewage  itself  undoubtedly  does  furnish  in  one  case  is  destroyed, 
and  in  another  is  not ;  and  so  far  as  the  history  of  the  water  is  con- 
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cemed,  in  tlie  one  case  where  the  nitrates  are  destroyed  that  water  may, 
show  hut  a  very  small  amount  of  previous  sewage  contamination 
•whereas  it  mifj-ht  have  had  a  much  larger  amount  than  the  other.'  ' 

The  more  important  portion  of  the  evidence  of  the  next  witness, 
Sir  Benjamin  Brodie,  was  to  the  following  effect : — 

'  6991.  Dr.  Frauklaud  states  very  distinctly  that  water  once 
contaminated  with  sewage  is  unfit  for  human  use,  and  that  you  will 
still  find  what  he  calls  the  skeleton  of  sewage  present,  allhoug'h  it  may 
have  travelled  100  miles,  andheeu  exposed  to  filtration. — I  thinlc  what 
is  asserted  by  Dr.  Franldand  is  true,  that  there  are  no  Imowu  causes 
in  existence  on  which  we  can  adequately  rely  to  remove  the  sewage 
from  the  water.  Medical  statistics  will  tell  you  more  about  the  inju- 
rious or  non-injmious  character  of  sewage  water  than  any  analysis 
would  do. 

'  7009.  Dr.  Franldand  considei-s  that  this  organic  nitrogen  in  the 
London  water  is  of  a  very  different  value  from  that  in  other  waters, 
because  the  proportion  of  organic  carbon  to  the  nitrogen  in  the  waters 
is  different  P — Yes  ;  this  appeaiB  to  me  a  very  important  fact. 

'  7011.  You  think  that  the  tests  of  the  greatest  delicacy  are  yet  in- 
sufficient to  determine  the  points  at  which  sewage  ceases  to  be  present  ? 
— I  will  state  a  case,  which  is  really  an  absolutely  analogous  case  to 
the  case  of  water ;  namely,  the  case  of  the  atmosphere.  You  may  look 
at  the  atmosphere  as  really  a  great  ocean.  Gases  from  di-aius  are'being 
discharged  into  this  gaseous  ocean,  just  as  the  water  from  the  di-aius  is 
going  into  the  river.  These  gases  are  so  diluted  when  they  get  into 
the  atmosphere,  that  chemical  analysis  is  absolutely  impotent  to  reveal 
then*  presence  in  any  given  portion  of  the  atmosphere.  But  nobody 
can  doubt  the  injurious  effects,  imder  certain  conditions,  of  tlie  gases 
and  other  organic  matters  present  in  the  atmosphere.  Another  most 
important  thing  is  this,  that  really  there  is  no  reason  whatever  to  be- 
lieve that  the  injurious  character  either  of  sewage  or  of  gases  from  a 
di'ain  depends,  fundamentally,  upon  the  quantity  of  that  sewage  or  of 
that  gas ;  in  all  probability  it  far  more  depends  upon  the  quality  of  the 
sewag-e — namely,  what  it  consists  of.  Now,  what  is  the  natiu^e  of  the 
poisonous  matter  in  the  atmosphere  or  in  the  sewage  ?  We  do  not 
Imow  that  at  aU.  Therefore,  how  can  we  possibly  say  when  that 
poisonous  matter  is  got  rid  of  from  the  water  or  from  the  aii-  ?  It  is  a 
question  that,  with  the  means  at  our  disposal,  it  is  absolutely  impos- 
sible to  answer ;  .  .  .  but  the  question  arises,  as  I  said  before,  whether 
a  prudent  person  likes  to  diink  water  which  contains  a  certain  quantity 
of  nitrates  and  nitrites,  or  that  when  analysed  is  found  to  contain  a 
certain  quantity  of  organic  carbon  and  niti'ogen — water  into  which  you 
have  deliberately  put  cartloads  of  sewage  at  some  time  or  other  in  its 
course. 

'  7041.  If  water  is  supplied  to  a  town  from  a  river  which  in  a  part 
of  its  course  has  received  previous  sewage  contamination,  and  if  that 
water  is  used  on  a  large  scale  by  that  town,  and  produces  no  ill  results. 
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and  cliemical  analysis  fail  to  detect  anything  unusual  in  its  character, 
is  it  not  a  fail-  presumption  that  such  water  is  wholesome,  and  good 
'  water  for  the  use  of  a  town  supply  ? — The  question  is  whether  it  can  he 
ahvays  and  permaiimtly  so  used.  That  seems  to  me  to  he  the  real  2Mint 
I  at  issue.  We  shoidd  have  found  out  long  ago  the  injurious  effects  even 
:  of  small  quantities  of  seimge  if  the  seiuage  were  ahvays  injurious ;  hut 
1  that  is  not  asserted.  It  is  only  sujjposed  that  under  certain  exceptional 
L  conditions,  even  sewage  may  become  vei-y  injurious.  The  injurious  cha- 
,  racter  of  a  loater  impregnated  loith  sewage  matter  might  not  he  dis- 
1  covered  for  years.  You  might  go  on  using  it  for  yea^-s,  and  it  might  not 
i  he  discovered  ;  and  yet  you  might  have  some  outhreah  of  disease  in  the 
I  place,  which  nevertheless  might  he  connected  with  the  use  of  that  sewage  , 
I  water.' 

Following  the  evidence  of  Sir  Benjamin  Brodie  came  that  of  the 
:  late  Dr.  Miller  and  Dr.  Angus  Smith.    From  this  it  is  not  necessary 
•  to  quote,  hut  it  wiU  he  sufficient  to  ohserve  that  these  gentlemen  sup- 
ported to  a  considerable  extent  the  views  of  Dr.  Frankland  relative  to 

■  the  niti-ic  acid  in  water. 

The  Commissioners  themselves  make  the  follovsdng  ohservations  in 
:  reference  to  the  self-pm-ification  of  streams ; — 

'  But  though  for  these  reasons  we  believe  that  the  organic  con- 

■  tamination  of  the  Thames  is  much  less  than  is  commonly  imagined, 
;  still  it  would  be  sufficient  to  do  great  mischief,  were  it  not  for  a  most 

■  beneficial  provision  of  Natm-e  for  effecting  spontaneously  the  pmifica- 
tion  of  the  streams.    Some  of  the  noxious  matter  is  removed  by  fish 

;  and  other  animal  life,  and  a  fiii-ther  quantity  is  absorbed  by  the  grovTth 
of  aquatic  vegetation  ;  but  in  addition  to  these  abstractions,  important 
changes  are  effected  by  chemical  action.  The  organic  compoimds  dis- 
solved in  the  water  appear  to  be  of  a  very  unstable  constitution  and 
to  be  very  easily  decomposed,  the  great  agent  in  this  decomposition 
being  oxygen,  and  the  process  being  considerably  hastened  by  the  motion 
of  the  water.  Now,  as  such  water  always  contains  natm-ally  much  air 
dissolved  in  it,  the  decomposing  agent  is  ready  at  hand  to  exert  its 
influence  the  moment  the  matter  is  received  into  the  water  ;  in  addition 
to  which  the  motion  causes  a  fiu'ther  action  by  the  exposm-e  to  the 
atmosphere :  and  while  (as  in  the  Thames)  the  water  faUs  ff'equently 
over  weirs,  passes  through  locks,  &c.,  causing  fm'ther  agitation  and 
aeration,  the  process  must  go  on  more  speedily  and  more  effectually. 

'  The  effects  of  the  action  of  oxygen  on  these  organic  matters  when 
complete  is  to  break  them  up,  to  destroy  all  their  peculiar  organic 
constitution,  and  to  rearrange  their  elements  into  permanent  inorganic 
forms,  innocuous,  and  free  from  any  deleterious  quality.' 

On  this  pleasing  pictiu-e  we  would  now  offer  a  few  comments. 

First,  with  regard  to  the  removal  of  some  of  the  noxious  matters 
by  fish  and  vegetables,  we  would  remark,  that  diu-ing  their  life  they 
perform  execretory  functions,  giving  up  to  the  water,  products,  the 
nature  and  properties  of  some  of  which  are  not  well  ascertained,  and 
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the  imbibition  of  wliich  by  liuman  being-8  is  not  altogether  a  pleasant 
subject  to  contemplate.  Again,  it  must  be  remembered,  that  the  time 
arrives  when  these  animals  and  vegetables  die,  and  aid  in  the  corrup- 
tion of  the  water ;  there  is  always  in  every  river  a  vast  quantity  of  de- 
caying vegetable,  and  not  a  little  animal,  matter. 

Secondly.  Although  the  oxidising  process  above  described  does  in 
time  effect  the  destruction  of  certain  forms  and  kinds  of  organic  matter, 
no  evidence  has  yet  been  obtained  showing  that  it  really  does  destroy 
the  mnteries  morhi  of  cliolera,  typhoid,  and  other  epidemic  and  con- 
tagious diseases,  an.d  of  which  it  has  been  found  that  Water  is  a  frequent 
distributor. 

Thirdly.  Neither  has  it  been  proved  that  the  action  of  oxygen  is  to 
convert,  even  in  those  cases  in  which  changes  are  really  effected,  all 
the  organic  substances  '  into  permanent  inorganic  forms,  innoxious  and 
free  from  any  deleterious  quality ; '  in  fact,  the  usual  effect  of  the 
transformation  is  to  convert  one  series  of  organic  compounds  into 
another  of  a  different  natm-e. 

Fourthly.  The  important  fact  is  overlooked  that  the  apparent 
pm-ification  is  in  part  due,  not  to  chemical  transformation  at  aU,  but  to 
precipitation.  It  is  in  this  way  that  the  fascal  and  much  other  sus- 
pended matter  is  removed  from  rimning  water  ;  it  falls  to  the  bottom 
of  the  river,  fouling  the  bed,  and  in  its  turn  polluting  the  water. 

We  will  now  make  a  few  further  remarks  as  to  the  significance  to 
be  attached  to  the  presence  of  the  nitrogenous  organic  matter,  ammonia, 
and  nitric  acid  foimd  in  water.  These  are  in  themselves  in  no  respect 
injm-ious  except  when  contained  in  water  in  very  considerable  amount ; 
waters  are  met  vpith  which  contain  but  small  quantities  of  such  sub- 
stances, and  yet  have  been  productive  of  disease ;  on  the  other  hand,  waters 
are  in  use  largety  contaminated  with  such  compounds,  and  which  have 
yet  not  been  known  to  produce  disease.  The  interest  which  attaches  to 
the  nitrogenous  organic  matter,  the  nitric  acid,  &c.,  of  water,  and  the 
reason  for  determining  the  quantities  in  which  these  are  present,  lies 
in  the  fact  taught  by  experience,  that,  as  a  rule,  to  which  there  are 
many  exceptions,  waters  which  abound  in  those  substances  are  those 
which  most  frequently  give  rise  to  disease ;  but  the  pu7-est  distilled 
water  ivould  do  the  same  thing  if  in  any  ivay  it  tcere  to  become  contami- 
nated with  the  infectious  or  contagious  matter  of  typhoid  fever;  and 
hence  the  public  ought  obstinately  to  refuse  to  diink  water,  and  espe- 
cially river  water,  polluted  with  sewage,  and  this  although  they  are 
assui'ed  it  has  been  filtered  after  the  manner  usually  practised  by  water 
companies. 

,  The  next  point  to  which  we  would  advert  is  the  interpretation  to  be 
put  on  the  presence  of  nitrates  and  nitrites  in  water.  Dr.  Frankland 
affirms  that  they  are  derived  from  the  oxidation  of  various  kinds  of 
nitrogenous  matter  proceeding  fi-om  several  different  sources,  and  that 
their  amount  indicates  the  extent  of  the  contamination  to  which  the 
waters  containing  them  have  been,  at  some  time  or  other,  subjected. 
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Dr.  Odllng  dissents  from  these  views,  and  thinlrs  there  nicay  be  other 
sources  of  the  nitrates  and  nitrites,  hut  does  not  indicate  a  single 
additional  soui'ce,  while  the  facts  adverted  to  in  reply  to  question  6462 
rather  confirm  than  otherwise  Dr.  Franldand's  views  as  to  the  source 
and  oiigiu  of  those  oxidized  nitrogenous  compounds.  It  is  only  when 
Dr.  Frankland  bases  his  estimate  of  the  previous  sewage  contamination 
on  the  quantity  of  niti'ogen  thus  found  that  he  seems  to  be  at  fault ; 
but  even  here  the  fault  is  rather  in  the  opposite  dii-ection  to  that  indi- 
cated by  the  objectors  to  Dr.  Frankland's  views.  Thus  in  waters  con- 
taining much  vegetation,  part  of  the  nitric  and  nitrous  acids,  as  well 
as  of  the  undecomposed  niti'ogenous  matter,  are  absorbed,  and  so  dis- 
appear, and  are  lost  to  analysis  and  subsequent  calculation. 

The  late  Dr.  Miller,  like  Dr.  Odling  and  one  or  two  other  witnesses, 
expressed  the  opinion  that  the  nitric  acid  found  in  water  might  be 
derived  from  other  som'ces  than  decajdng  organic  matter,  vegetable  or 
animal,  in  air  or  water ;  but  Dr.  Miller,  like  other  witnesses,  failed  to 
indicate  any  other  somce  than  that  mentioned,  and  we  believe  we  may 
take  it  as  an  established  fact,  so  far  as  relates  to  the  waters  in  domestic 
use  in  this  coimtiy,  that  the  nitric  acid  contained  in  them  is  invariably 
derived  from  organic  matter  of  some  Irind  or  other,  and  it  is  for  this 
position  that  Dr.  Frankland  has  so  long  and  ably  contended. 

Nitric  acid  in  water  is,  then,  really  to  be  regarded  as  the  represen- 
tative of  decayed  organic  matter ;  or,  as  Dr.  Frankland  somewhat 
figiu-atively  denominates  it,  as  the  skeleton  of  sewage,  and  as  the  evi- 
dence, and  to  some  extent  the  measm'e,  of  previous  sewage  contamina- 
tion. But  this  being  so,  it  does  not  follow  that  every  water  containing 
it,  even  in  large  amoimts,  is  to  be  condemned  ;  on  the  contrary,  sup- 
posing the  nitric  acid  to  be  imaccompanied  by  nitrogenous  matter,  and 
further,  supposing  the  water  not  to  be  liable  to  ready  contamination 
by  such  matter — as,  for  example,  the  waters  of  the  deep  wells  of  Kent 
— then  we  may  safely  presimie  such  water  to  be  safe  for  use,  even  for 
drinking  purposes ;  although  this  water  is  too  hard  to  be  the  type  of 
really  the  best  and  most  suitable  water  for  domestic  use.  When, 
however,  a  water  contains  any  considerable  amount  of  nitric  acid,  and 
at  the  same  time  any  gi'eat  amount  of  niti'ogenous  organic  matter,  or, 
if  even  free'  from  such  matter,  is  placed  imder  such  circumstances  as 
to  render  it  liable  to  such  contamination,  then  the  water  should  be- 
condemned  and  avoided. 

To  the  above  observations  of  our  own  may  be  added  some  of  the 
criticisms  of  the  Commissioners  relative  to  the  inferences  based  upon 
chemical  analyses  made  for  them,  and  especially  the  conclusions  of 
Dr.  Frankland,  to  which  we  have  already  referred  at  such  length. 

The  Commissioners  specially  object  to  the  term  '  original  sewage 
contamination,'  and  to  the  statement  that  the  quantity  of  nitrites  and 
nitrates  found  represent  the  measure  of  the  *  previous  sewage  con- 
taminations.' They  remark  that  Dr.  Frankland  refers  the  origin  of 
the  nitrites  and  nitrates  '  not  simply  to  organic  matter  taken  generally, 
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but  to  sewage  or  manure  matter  specially ; '  and  they  state,  '  this 
seems  to  he  an  inference  which  can  hardly  he  accepted.  It  would  h. 
perfectly  correct  if  all  the  nitrogenised  matter  supplied  to  the  Thames 
or  other  waters  was  after  conversion  into  nitrites  and  nitrates  retained 
in  the  water,  and  if  also  all  those  salts  could  he  referred  to  sewage  and 
manure  matter  only.  But  such  is  not  the  case.  '  All  the  analyses,' 
they  say, '  show  how  variable  the  quantity  of  those  salts  is  in  different 
parts  of  the  river's  com'se,  and  that  the  quantity  present  at  any  place 
is  not  so  much  dependent  upon  the  sewage  received  as  the  removal 
which  has  been  effected  by  vegetation  and  other  causes,  by  the  inter- 
ference of  the  tributaries,  and  by  the  addition  from  springs ;  so  that, 
even  supposing  them  to  originate  solely  from  animal  matter,  the  residue 
affords  no  comparative  results  as  to  the  amoimt  of  the  original  con- 
tamination. The  interfering  causes  are  too  mmierous  to  allow  us  to 
assign  any  value  to  the  remainder.' 

These  stiictiu-es  of  the  Commissioners  are  to  a  certain  extent 
correct ;  there  is  no  doubt  but  that  nitrous  and  nitric  acids  in  water 
are  formed  fi-om  the  decomposition  of  almost  any  Idnd  of  organic 
matter,  though  in  sewage-poUuted  rivers  they  are  doubtless  largely 
derived  from  sewage,  and  animal  nitrogenous  matter ;  also  that  these 
acids  once  formed  disappear  from  water,  fi-om  the  causes  mentioned 
by  the  Commissioners.  What  then  we  have  to  bear  in  mind  is  that 
the  acids  in  question  take  then-  origin  in  niti-ogenous  organic  matter 
of  some  kind  or  other,  not  exclusively  sewage ;  and  next  that  '  the 
interfering  causes'  are  causes  of  decrease,  so  that  the  quantities  of 
nitrous  and  nitiic  acids  actually  found  represent  usually  far  less  than 
'  the  previous  organic  contamination.'  To  get  at  an  approximation 
of  the  organic  pollution  of  water,  at  least  three  things  must  be  deter- 
mined: the  fi-ee  ammonia,  the  nitrous  and  nitric  acids,  and  the 
albuminoid  or  nitrogenous  matter. 

The  Commissioners  fm-ther  observe  that  the  som-ces,  such  as 
springs  and  wells,  most  fi'ee  from  possible  contamination,  show  the 
larger  skeletons,  that  is  to  say,  the  largest  amount  of  nitric  acid,  and, 
it  may  be  remarked,  the  smallest  amount  of  undecomposed  niti-ogenous 
matter.  This,  of  course,  it  is  important  to  bear  in  mind ;  but  stiU  the 
fact  remains,  that  the  nitric  acid  of  springs  and  wells,  however  deep, 
of  chalk  itself,  and  of  soils,  owes  its  existence  to  oxidised  organic 
matter,  and  that  the  quantity  foimd  does  really  represent  a  certain 
quantity  of  that  organic  matter.  The  water  of  deep  wells  makes  its 
way  into  those  wells  from  the  surface,  carrying  down  with  it  organic 
matter,  which,  for  the  most  part,  ere  it  reaches  these  wells,  has  becomu 
converted  into  nitric  acid. 

It  here  occm-s  to  us  to  remark  that  in  most  analyses  the  oxidized 
organic  matter  is  put  down  as  niti-ic  acid,  and  no  attempt  is  made  to 
determine  whether  the  acid  really  exists  in  that  form  or  as  nitrous 
acid.    Now  this  is  really  a  distinction  of  great  practical  importance. 
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and  no  chemist,  we  apprehend,  would  refuse  to  condemn  a  water  in 
which  nitrous  acid  was  present  in  any  considerable  amount. 

Fwification  by  Filtration. 

Another  highly  important  means  of  pm'ification  is  by  filtration. 
The  process  of  pm'ification  which  finds  its  best  exemplification  in  na- 
ti^u-e — namely,  percolation  thi'ough  soils — is  more  or  less  imitated  in  the 
various  methods  and  media  adopted  for  artificial  filtration.  The  prin- 
cipal of  these  media  consist,  of  animal  and  vegetable  charcoal,  including 
that  derived  from  peat,  metallic  iron,  magnetic  oxide  of  iron,  peroxide 
of  manganese,  a  mixtui'e  of  silica  and  charcoal  or  silicated  carbon,  and  of 
carbon  and  magnetic  oxide  of  iron  or  magnetic  carbide,  sand,  gravel,  clay, 
and  a  great  variety  of  porous  substances,  including  sandstones,  luool, 
sponge,  &c.  Of  the  mode  of  action  of  several  of  these,  special  explana- 
tions will  be  given,  but  many  of  them  act  in  the  two  following  ways — 
first,  by  the  removal  of  suspended  matters,  and,  second,  by  dividing  the 
water  and  so  bringing  it  into  intimate  contact  with  the  air  which  per- 
meates and  fills  the  interstices  of  the  several  filtering  media  through 
which  the  water  passes. 

Of  course,  the  powers  of  all  filters  are  limited,  and  they  speedily 
become  spoiled  when  too  much  work  is  thi-own  upon  them  at  one 
particular  time — that  is  to  say,  when  water  containing  a  large  quantity 
of  organic  matter,  say  six  or  eight  grains  per  gallon,  is  rapidly  passed 
through  them.  In  this  case  the  requisite  time  is  not  aiForded  for  the 
due  action  of  the  filters,  which  become  simply  clogged ;  but  when  water 
containing  only  a  moderate  amount  of  impurity,  as  one  gi-ain  per  gallon, 
especially  of  organic  matter  in  solution,  is  passed  through,  then  the 
action  of  the  better  filters,  particularly  those  containing  charcoal,  is  not 
only  satisfactoiy,  but  continuous.  StiU,  all  filters  require  to  be  cleansed 
from  time  to  time,  including  even  those  into  the  composition  of  which 
charcoal  enters. 

Dr.  Parkes  gives  the  following  directions  for  the  cleansing  of 
domestic  filters :  '  Every  two  or  three  months  (according  to  the  Mnd 
of  water)  4  to  6  ounces  of  the  Pharmacopoeial  solution  of  potassium 
permanganate,  or  20  to  30  grains  of  the  solid  permanganate,  in  a 
quart  of  distilled  water,  and  10  drops  of  strong  sulphuric  acid,  should 
be  poured  through,  and  subsequently  a  quarter  to  half  an  ounce  of  pure 
hydrochloric  acid  in  2  to  4  gallons  of  distilled  water ;  this  both  aids 
-the  action  of  the  permanganate  and  assists  in  dissolving  manganic 
oxide  and  calcium  carbonate.  Three  gallons  of  distilled  or  good  rain 
water  should  then  be  poured  through,  and  the  filter  is  fit  again  for  use.' 

In  order  to  insure  the  freedom  of  the  animal  charcoal  used  from 
phosphate  and  carbonate  of  lime,  it  shoiild  be  well  washed  with 
hydrochloric  acid,  and  should  it  be  desired  to  ascertain  to  what  extent 
any  charcoal  has  become  deteriorated  by  use,  the  nitrogen  is  to  be 
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estimated  by  distillation  with  permanganate  of  soda  or  potash,  or  hy 
combustion  with  oxide  of  copper. 

It  is  well  Imown  that  the  best  of  all  filtering  materials  is  animal 
charcoal,  as  also  that  its  efficiency  depends  mainly  upon  its  extra- 
ordinary absorbing  and  oxidising  properties,  and  hence  tliis  substance 
enters  into  the  composition  of  nearly  all  the  portable  and  domestic  filters 
in  use.  For  details  respecting  the  actionof  animal  charcoal  in  the  puri- 
fication of  water  see  '  Parkes'  Hygiene.'  Metallic  iron  in  the  form  of 
wire  and  spongy  iron  and  mminetic  oxide  of  iron  are  all  employed  in  the 
filtration  and  pm-ification  of  water.  Their  action  is  mainty  limited  to 
the  albuminous  matters  and  the  nitrites  and  niti-ates  in  water,  which 
they  deoxidise  into  ammonia.  The  water  is  decomposed  by  themetaUic 
iron,  oxide  of  iron,  and  hydrogen  being  formed.  This  hydrogen  com- 
bines with  the  nitrogen  of  the  organic  matter  to  form  ammonia.  The 
action  of  the  mag-netic  oxide  is  simply  that  of  a  reducing  agent  with- 
out decomposition  of  the  water. 

Purification  by  Precipitation. 

Another  method  of  pm-ification,  which  is  for  the  most  part  mecha- 
nical, consists  in  the  precipitation  of  the  mineral  and  organic  matter 
held  both  in  suspension  and  in  solution  in  the  water.  The  lime  pre- 
cipitated in  Clarke's  softening  process,  as  already  mentioned,  carries 
down  with  it  no  inconsiderable  portion  of  albiuninoid  matter  in 
solution  in  the  water,  and  it  is  affirmed  that  organic  matter  is  pre- 
cipitated when  calcareous  waters  such  as  that  of  the  Oolne  are  mixed 
with  peaty  waters,  like  that  of  the  Way. 

We  have  fiu-ther  to  notice  another  most  impoi-tant  means  of  the 
pm-ification  of  water  by  the  development  and  growth  in  it  of  innu- 
merable forms  of  living  organic  2}roductions,  both  vegetable  and 
animal,  and  this  we  shall  do  at  some  length  and  in  the  follovdng  sepa- 
rate section. 

By  boiling  also,  water  may  be  purified  to  a  considerable  extent,  it 
causing  the  precipitation,  if  properly  carried  out,  of  the  whole  of  the 
carbonate  of  lime  which  carries  down  vsdth  it  a  portion  of  the  organic 
matter  it  killing  the  infusoria  and  the  other  living  organic  produc- 
tions, and  it  is  also  possibly  rendering  innocuous  the  animal  poisons 
productive  of  special  diseases ;  and  therefore,  should  it  be  necessary 
to  make  use  of  a  suspected  water  for  drinking  purposes,  it  should 
first  be  boiled,  and  this  precaution  should  never  be  neglected.  Or  a 
few  drops  of  permanganate  may  be  added,  as  it  assists  gi-eatly  in  ren- 
derincr  a  water  pure ;  and  this  compound,  used  in  so  small  a  quantity, 
would  not  exert  any  injurious  eflect.  The  solution  should  be  added 
until  the  water  becomes  slightly  pink,  and  fiu-ther  small  quantities 
at  intervals  of  three  or  four  hom-s,  until  it  ceases  to  become  decolorised. 

The  permanganate  readily  removes  in  most  cases  the  offensive  smell 
of  impure  water,  and  if  this  be  due  to  sulphuretted  hydrogen,  it  -«all 
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be  converted  into  sulphuric  acid,  siUphates  of  manganese  and  potasli 
bein-'  formed.  With  most  waters  treated  in  this  manner,  a  precipitate 
of  peroxide  of  manganese  occm-s,  and  this  likewise  assists  in  the  puri- 
fication of  the  water,  by  carrying  down  suspended  matters. 

The  action  of  this  test  is  promoted  by  warming  the  water  previous 
to  its  employment.  Waters  thus  treated  sometimes  exhibit  a  faint 
yellow  tint,  arising  from  the  suspended  oxide  of  manganese.  This  is 
most  easily  removed  by  filtration  through  animal  charcoal,  but  by  the 
iise  of  alum  the  same  obiect  may  also  be  usually  accomplished,  the 
combination  of  the  two  methods  producing  more  efiectual  piurification. 
Or,  lastly,  alum  only  mav  he  added  to  water,  in  the  proportion  of 
about  6  grains  to  the  gallon.  This  substance  acts  best  m  those  waters 
which  contain  appreciable  quantities  of  carbonate  of  lime,  sulphate  of 
lime  being  formed,  and  these,  together  with  hydrate  of  alumina, 
become  precipitated,  carrying  down  with  them  in  their  descent  most 
of  the  organic  matter  in  suspension,  vsdth  a  little  of  that  also  in  solu- 
tion. No  reliance,  however,  should  be  placed  upon  this  test  for  the 
purification  of  a  really  bad  and  disease-contaminated  water.  Should 
a  water  be  deficient  in  carbonate  of  lime,  a  little  chloride  of  calcium 
and  carbonate  of  soda  may  be  added,  and  the  water  allowed  to  stand 
for  some  time. 

Carbonate  of  soda  boiled  Avith  the  water  contributes  in  a  gi-eater 
degi-ee  to  the  purification  of  water  than  does  simply  boiling,  since  not 
only  is  the  carbonate  of  lime  precipitated  by  the  boihng,  but  those 
salts  which  contribute  to  the  permanent  hardness  of  water  are  also 
decomposed,  the  follo-wing  reactions  taking  place.  The  lime  and  mag- 
nesia of  the  sulphates  combine  with  the  carbonate  of  soda,  forming 
insoluble  carbonate  of  lime  or  magnesia,  while  the  sulphuric  acid  re- 
mains in  solution  as  sulphate  of  soda.  The  chlorides  of  the  same  bases 
are  converted  into  carbonates,  chloride  of  sodium  resulting.  Lastly, 
the  niti-ites  and  nitrates  of  lime  of  magnesia  are  likewise  converted 
into  carbonates,  nitrite  and  nitrate  of  soda  being  foi-med.  It  wiU  thus 
be  seen  that  the  chemical  action  of  carbonate  of  soda  in  softening 
water  is  very  complete,  and  this  explains  the  popularity  of  the  iise  of 
soda  for  washing,  cleansing,  and  even  cooldng  purposes. 

ON  'LITIKG  ORGAiaSMS'  EST  POTABLE  WATER. 

As  we  were  the  first  to  employ  the  microscope  to  determine  the 
exact  nature  of  the  organic  matter  held  in  suspension  _  in  many 
waters,  we  have  some  right  to  express  an  authoritative  opinion  of  the 
significance  to  be  attached  to  the  presence  of  '  living  organisms'  in 
potable  water. 

The  suspended  organic  matter  contained  in  many  waters  is  proved 
on  examination  with  the  microscope  to  consist  of  vegetable  and- 
animal  matter,  both  dead  and  living,  the  dead  consisting,  for  the  most 
part,  of  particles  of  decaying  vegetable  and  animal  tissues,  chiefly  the 
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former,  and  the  living  of  either  the  sporules  or  ova,  or  the  fuUy  deve- 
loped organisms  of  a  great  variety  oiFuvqi  and  Alffoi,  including 
macece,  Destmde^,  and  ConfervecB ;  of  Infusoria  or  animalcides  •  of 
Entomostracece  or  water-fleas,  of  Annelidai  or  worms,  and  of  countless 
other  productions. 


Thajies  Water  at  Richjiond,  1851. 
This  engraving  exhibits  the  principal  animal  and  vegetable  productions  then 
contained  in  the  water  of  the  Tliamesat  Richmond.  Drawn  with  the  Camera 
j-zucida,  and  magnified  220  diameters. 

•  A  -'■^  ■svaters  these  several  living  organisms  greatly  ahound,  and 
indeed,  to  such  an  extent,  that  from  a  Winchester  quart  filled  with 
any  such  water  it  would  he  possihle  to  ohtain  illustrations  sufficient 
to  fill  a  whole  volume.    Now,  it  should  he  remembered  that  these 
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oi-anisms,  minute  as  are  many  of  tliem,  are  aU,  or  nearly  all,  to  he 
foimd  elaborately  described  and  figm'ed  m  a  variety  of  works  on 
natural  history,  each  having  its  place  in  a  system  of  classification,  and 
each  heing  distinguished  hy  a  scientific  name. 


Thame,"?  at  Waterloo  Bridge,  1851. 
This  engraving  sho-ws  the  more  remarkable  animal  and  vegetable  productions, 
dead  and  living,  found  in  the  water  of  the  Thames  at  Waterloo  Bndge,  m- 
cluding  fragments  of  muscular  fibre,  magnified  220  diameters. 

Now  it  is  especially  in  the  water  of  rivers,  and  particularly  those 
contaminated  hy  sewage,  that  these  living  productions  most  abound ; 
these  waters  may  in  general  be  said  to  swarm  with  them.  They  also 
occur  abundantly  in  the  water  of  ponds  and  lakes,  and  occasionally 
to  a  much  less  extent  in  that  of  shallow  wells ;  but  usually  they 


40 


WATER  AND  ITS  IMPURITIES. 


are  absent  from  such  waters,  as  they  are  invanahly  from  those  of  the 
deqm-  and  purer  springs  and  wells.  ' 

The  pm-er  watera  being  free  from  them,  they  are  hence  in  no  respect 
essential  to  water;  they  all  contain  nitrogen,  which  they  derive  from 
the  mtrogenous  matter  contained  in  the  water,  and  they  are  therefore, 


Kg.  3. 


GRiND  JtmcTioN  Company,  1851. 
This  ensravin?  represents  the  animal  and  vegetable  productions  then  contained 
in  ice  water  as  suppUed  by  the  Grand  Junction  Company,  220  diameters. 

beyond_  all  question,  an  evidence  of  the  existence  of  impm-ity  in  the 
waters  m  which  they  are  foimd. 

That  they  also  help  to  purify  such  water  bv  appropriating  a  por- 
tion of  the  dead  organic  matter  in  solution,  and"  fixing  it  in  their  own 
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liviuo-  tissues,  and  so  arresting  decomposition,  is  also  true  ;  but  those 
wlio°di-in]£  such  waters  are  still  under  the  necessity  of  swallowing 
them  in  the  living  state. 

Now  these  well-known  and  scientifically-named  hving  organisms 
ahound  in  the  unfiltered  waters  of  the  Thames,  Lea,  and  New  Eiver ; 


Fig.  4. 


WiaT  MlDDLBSEX  COMPANY,  1851. 

Exhibits  the  principal  animal  and  vegetable  productions  then  contained  in  the 
water  of  the  West  Middlesex  Company.   220  diameters. 


but  by  the  process  of  filtration  to  which  the  waters  of  the  London 
water  companies  are  now  subjected,  a  very  large  proportion  of  them 
is  removed ;  but  usually  by  no  means  the  whole.  So  that  the  number, 
variety,  and  size  of  the  living  organisms  still  contained  in  the 
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London  waters  after  filtration,  as  delivered  by  the  companies  to  the 
consumers,  afford  an  excellent  test  of  the  efficiency  or  otherwise  of  the 
means  of  filtration  adopted. 

Any  person,  therefore,  who  fails  to  testhy  the  microscope  the 
efficiency  of  the  filtration  of  any  water  Imown  to  contain  such 


Fig.  5. 


Chelsea  Company,  1851. 

'Exhibifs  the  chief  animal  and  vegetable  productions,  including  httsk  of  wheat, 
present  in  the  water  of  the  Chelsea  Company.  220  diameters. 

organisms,  neglects  to  employ  a  very  valuable  means  of  ascertaining  so 
important  a  fact. 

So  great  is  the  effect  of  filtration  in  reducing  the  number  of  living 
productions  in  water^  that  we  are  even  led  to  entertain  the  hope  that 
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a  process  of  filtration  may  be  devised  and  practised  wliicli  will  entirely, 
or  almost  free,  our  metropolitan  drinldng-waters  from  these  highly 
objectionahle  inhahitauts. 

This  result,  it  should  he  home  in  mind,  however,  is  as  yet  far 
from  being  realized. 

Fig.  6. 


SOUTHWARK  AND  VAUXHALL  COMPANY,  1851. 

Exhibits  the  principal  animal  and  vegetable  productions  then  contained  in  the 
water  as  supplied  by  the  Southwark  and  Vauxhat.t,  Company.  220 
diameters. 


We  now  beg  to  call  the  special  attention  of  the  reader  to  the  fol- 
lowing remarks. 

It  is  the  belief  of  many  medical  men  of  high  position  and  attain- 
ments that  cholera  and  some  other  diseases  owe  their  origin  and  dilFii- 
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sion  to  minute  germs  contaiued  in  water,  and  especially  in  the  water 
of  rivers.  Well  now,  if  the  process  of  filtration  is  not  eificient  enough 
to  remove  all  those  more  considerable  and  weU-lmown  creatm-es, 
which  are  named,  described,  and  figured  in  scientific  books,  it  cer- 
tainly must  fail  to  remove  the  minute  cholera  germs,  &c. 


Pig.  7. 


LAJtBBTH  Company,  1851. 

Exhibits  the  organic  matter,  Uving  and  dead,  especially  the  Thames  Parnmecium 
and  hnslc  of  wheat,  then  contained  in  the  water  as  supplied  by  the  Lambeth 
Company.   220  diameters. 


'  Ah,  but,'  exclaims  somebody,  '  I  don't  believe  in  cholera  germs.' 
Well,  at  all  events,  the  fact  is  established  to  the  satisfaction  of  most 
scientific  men,  that  cholera  is  commimicable  through  the  medium  of 
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imiDure  ^v-ater,  and  that  it  lias  thus,  more  than  once,  heen  diffused  by 
Thames  water :  and  if  the  poison  of  that  disease  he  not  m  the  sohd,  it 
must  he  in  the  liquid  form;  and  if  the  process  of  filtration  now 
adopted   is  not  sufficient   to  remove  sohd  impurities —  ' hving 


Fig.  8. 


East  London  Compant,  1851. 

Sample  of  the  water  of  the  Bast  London  Company,  showing  the  chief  animal 
and  vegetable  productions  then  contained  in  it  as  supplied  to  the  public.  22P 
diameters. 

organisms' — it  is  certainly  inadequate  to  the  abstraction  of  the  liquid 
poison. 

So,  view  the  matter  how  we  will,  it  is  impossible  to  arrive  at  any 
other  fair  or  safe  conclusion  than  that  the  presence  of  these  organisms 


46 


WATER  AND  ITS  IMPDRITIES. 


m  potaWe  water  la  of  very  considerable  importance.  Bearin<.  aU  these 
particulars  in  nimd,  we  shall  now  be  in  a  position  to  judge  whether 
-Ur.  l-YanMand  has  exceeded  his  duty  in  instituting  microsopical 
examinations  of  the  metropolitan  waters,  and  how  far  he  is  open  to  any 


Fig.  9. 


New  Biver  Compact,  1851. 

Sample  of  the  water  of  the  New  Btoer  CosiPAirr,  showing  the  more  remark- 
able animal  aud  vegetable  productions  then  contained  in  it  as  supplied  to  the 
consumers.   220  diameters. 

just  animadversion  for  publicly  commenting  on  the  presence  of 
living  organisms  in  such  water.  In  our  judgment,  had  he  not 
done  so,  he  woidd  have  fallen  short  of  that  plain  duty  which  he 
has  discharged,  in  the  interests  of  the  public,  so  ably  and  eo  coura- 
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freously.  That  a  charge  of  exaggeration  should  have  heen  made 
under  this  head  is  the  more  to  he  regretted,  since  it  emanates  from 
those  who  from  their  position  and  duties  should  have  heen  hetter 
infomed  than  to  have  made  it,  and  since  their  authority  is  calculated 
to  mislead,  and  so  do  much  injiu-y  to  the  public. 


Fig.  10. 


Hampstead  Company,  1851. 

Sample  of  the  water  of  the  Hamprtead  Company,  exhibiting  the  principal 
living  prodnotions  then  detected  in  it  as  supplied  by  this  Company.  220 
diameters. 

With  a  quotation  from  one  of  the  reports  of  Major  Bolton,  the 
recently -appointed  Water  Examiner  to  the  Board  of  Trade,  and  who 
is,  we  believe,  an  engineer,  and  not  a  chemist  or  microscopist,  and  with 
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one  or  two  trief  comments  thereon,  we  will  bring  these  remarks  to  a 
conclusion : — 

'I  think  it  is  to  he  regretted,'  reports  the  Water  Examiner,  'that 
such  terms  as  "  living  oryanisnu  "  and  "  moviTig  organisms  "  have  heen 


Fig.  11. 


Kent  Oompant,  18.51. 

Sample  of  the  water  of  the  Kent  Cootant,  exhibiting  the  animalculie  in  it 
then  as  supplied.   220  diameters. 


used  so  frequently  and  indefinitely.  It  is  weU  known  that  it  is  impos- 
sible altogether  to  get  rid  of  the  simplest  forms  of  vegetable  and  animal 
life,  which  should  be  understood  by  such  terms,  even  by  the  most 
perfect  filtration,'  &c. 

There  appears  to  us  to  be  far  more  reason  to  regret  that  the  Water 
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Examiner,  to  whom  the  public,  from  his  official  position  naturally  look 
S  sound  advice  and  protection,  should  have  penned  such  a  paragraph. 

Water  op  Graot  Junction  Company  (from  Cistern),  1854. 
Fig.  12. 


a  Paramaecia,  2  species  ;  6,  Vorticella  convallaria;  c,  Coleps  hirtus  ;  d,Pan- 
'dorinaMorum;  e,  Scenedesmus  quadricauda  ; /,  Navicnla  amphisbiena;  ff, 
Navicula  sphserophora ;  h,  Asterionella  formosa  ;  i,  Fragllana  capucma  ;  k, 
Brown  active  sporules  ;  I,  Stationary  green  sporulea  ^  m,  Threads  of  slender 
fungus  ;  n.  Organic  and  earthy  matter  ;  o,  Anguillula  fiuvialis.  Magnified 
220  diameters. 

So  far  from  too  much  attention  having  been  paid  to  the  presence  of 
living  productions  in  the  Metropolitan  v^raters,  the  reverse  is  the  case  ; 
and  in  most  examinations  of  such  waters  by  chemists  their  existence  is 

£ 
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usually  altogether  overlooked.  We  remind  the  Water  Examiner  that 
in  the  purer  waters,  those  freest  from  dangerous  contam™n  siSi 
as  those  of  spnngs  and  deep  wells,  these  productions  do  not  occ^  ai 

Water  of  SonxiwARK  and  Vauxhall  Compant  (from  Cistern),  1854. 

Fig.  13. 


a,  Blood-red  Annelidaj ;  b,  Bracbionus  polyacanthus ;  c.Euplotes  charon  • 

Lda    z        Boryanum ;  i,  Closterium  Lunula    1  ScenedeS  ^adri^ 
Cauda    l,  Scenedesmus  acutus ;  m,  Scenedesmus  obtusus  •   71  PupWoItI 
a^-'i  Th;     Kitzschia  Sigma  ;     Synedra  minutisZa      Melos,>a  vari- 
lI  °*  ^^^'"^^  ^^"Sns  ;  <, Minute  star-sliaped  bodies  -  «  Or Jan,V 

and  eartiiy  matter.    Magnified  a  12,  A  100,  and  the  rest  220  diameiel! 

all;  that  theh-  presence  is  an  evidence  of  impmity ;  that  fflti-ation  as 
even  now  practised  hy  the  water  companies,  does^Acceed  in  iS^ 
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tv  far  the  p-ecater  niunber  of  these  livint^  organisms ;  and  so  far  from 
acknowledging-  that  it  is  impossible  altogether  to  get  rid  of  them  by  the 
most  perfect  ""filtration,  we  believe  that  it  is  possible;   and  we  are 


Water  of  Southwahk  andTabxhall  Compant  (from  Service-pipe),  1854. 

Fig.  14. 


a,  Brachionus ;  b,  Stentor  Mulleri ;  c,  Bursaria  ;  d,  Paramaciiun  aurelia ;  e, 
ParanuBcium  sp. ;  /,  Oxytricha ;  g,  Vortioella  convallaria ;  h,  Coleps  hirtus ; 
i,  Pediastrum  Boryanuin  ;  Scenedeamus  acutus  ;  I,  Melosira  varians  ;  m, 
Cyclotella  operculata ;  7i,  Havicula  amphisbrena  ;  o,  Cymatopleura  Solea  ; 
p,  Kitzschia  Siginoidea ;  r,  Fragments  of  muscular  flbre  ;  s,  Starch  corpus- 
cles of  wheat ;  t,  Starch  ;  «,  Husk  of  wheat ;  w,  Hairs  of  wheat ;  x,  Earthy 
and  trganic  matter.   Magnifiod  220  diameters. 


very  certain  that  the  numbers  at  present  contained  in  the  London 
waters  might  be  still  further  very  greatly  reduced  by  a  more  efficient 

E  2 
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method  of  filtration  than  that  now  practised.  We  presume  that  even 
the  Water  Examiner  to  the  Board  of  Trade  will  not  aihrra  that  the 
method  of  filtration  now  adopted  by  the  water  companies  is  the  most 
ellective  it  is  possible  to  devise. 

Major  Bolton  seems  very  much  concerned  lest  the  public  mind 
should  become  alarmed  as  to  the  state  of  the  present  water  supply. 
There  is,  imfortimately,  really  no  fear  of  any  such  result.  It  is  well 
known  that  it  is  nearly  impossible  to  rouse  the  public  on  such  ques- 
tions, and  that  they  almost  invariably  display  an  apathy  as  marvellous 
as  it  is  culpable. 

It  is  some  satisfaction  to  ]?now  that  between  the  quality  of  the 
water  wherewith  the  metropolis  was  supplied  prior  to  the  passing  of 
the  Act  of  1852,  and  that  which  is  now  furnished  to  its  millions  of 
inhabitants,  the  greatest  possible,  indeed  we  may  almost  say  the  gi-eatest 
conceivable,  difference  exists. 

Before  the  date  named,  three  of  the  companies  drew  their  supplies 
of  water  from  between  the  metropolitan  bridges — namely,  the  Lambeth, 
the  Southwark  and  Vauxhall,  and  the  Chelsea  Companies  ;  while  the 
West  Middlesex  Company  took  its  water  from  the  Thames  at  Hammer- 
smith, and  the  Grand  Junction  Company  from  the  river  at  Brentford. 
Now,  prior  to  1852,  it  was  an  easy  thing  to  demonsti'ate,  especially  in 
the  water  of  the  Southwark  and  VauxhaU  Company,  and  to  a  "less 
extent  in  that  of  the  Lambeth  Company,  as  taken  from  the  mains,  the 
presence  of  the  constituents  of  the  fcccal  matter  derived  from  the 
sewers.  Thus,  by  means  of  the  microscope  could  be  readily  discovered, 
in  a  bottle  of  such  water,  the  cells  of  potato,  the  hairs  and  hush  of 
wheat,  the  broken  vniscular  Jibre  of  the  meat  consimied,  as  well  as  the 
filaments  of  the  cotton  plant,  derived  no  doubt  from  paper.  It  has 
been  om-  lot,  not  unfrequently,  to  demonstrate  these  matters  in 
the  water  referred  to,  while  in  the  pamphlet  entitled  '  A  Microscopical 
Examination  of  the  Water  Supply  of  the  Metropolis,'  published  in 
1850,  as  well  as  elsewhere,  we  made  known  the  fact  and  represented 
the  constituents  of  faecal  matter  thus  detected  in  well-executed  wood 
engravings :  thus  there  is  no  room  left  for  doubt  or  question.  In  addi- 
tion to  these  matters  present  in  the  water  of  certain  of  the  companies, 
they  all  swarmed  vdth  living  productions,  especially  Annelidaj,  Infu- 
soria, Confervae,  Desmideae,  Diatomaceas,  not  omitting  to  mention 
especially  our  old  friends,  Vibriones,  which  have  been  recently  chris- 
tened afresh  Microzymes  and  Bacteria. 

Well,  then,  at  that  period  it  was  a  common  thing  for  some  of  the 
inhabitants  of  London  to  have  returned  to  them,  in  the  water  of 
which  they  daily  partook,  a  portion  of  their  own  excreta. 

This  horrible  state  of  things  has  no  doubt  been  rectified  by  the  Act 
of  1852,  whereby  the  Thames  Companies  were  compelled  to  take  their 
water  from  the  river  at  Thames  Ditton,  subjecting  it  to  comparatively 
efficient  filtration. 

Although  we  have  on  many  occasions  demonstrated  the  impor- 
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•    ^^+^.vmlninff  the  nature  of  the  organic  con- 
tauce  of  the  microscope  an  dete^^^^^^  .^^^  ^^^^ 

stituents  contained     P^^aWe  w^^^^^^  continues  to  he  greatly 

that  insti-umeut  in  the       "iination  o  evidence 

neglected.    We  -fj/^^ir  ^^^^^^^^^^  WatL-  Supply,  in 

hefore  the  Committee  ot  the  llou^^^  ^^^^  chairman),  we  pro- 

1851  (of  which  the  late  ^1^'""^'  ^  f  ^-^^^  the  waters  with  which 
duced  ahundant  St^ra^^e^^^^^^^^   seasons  with  living 

London  was  then  supplied,  iiteiauy  swa  .g_  We  showed 

productions,  and  this  even  as  ^^f^^^tL  moi^^^^^^  ^o.ms,  we 

numerous  drawings  delmeating  sonie  ot  the  mo^^^^  ^.^^ 

gave  their  scien^titi^  Bames,^^^^ 

supply  ^^P°™^'r  J,  ,  -l  out  that  rivers  as  som-ces  for  supply 
?of  dSdtt^osrL  of^^^^^^  irom  the  fact  that  they  teen. 
S  thousi'of  different'  kinds  o^i-ng  P^^uctio^^^^^ 

ZS!?^Si2^^=o?d^^^^^ 

from  special  annual  poisons,  rivers  afford  the  most  effective  channels 

Strive;  may  he  likened  to  an  open  sewer,  and  it  is  indeed 
the  rea^eKaBnel  f  Jr  the  discharge  of  aU  the  impui-ities  of  the  dis- 

tricts  throuo-h  which  the  river  flows.  .  i    .  „„,„no^ 

m  preceding  ohservations  have  reference  mainly  to  the  smaller 
or-^anic  SJoductions  present  in  water,  and  which  reqmre  the  microscope 
L^  thelSctorv^examination  and  identification,  and  w^^^^^^^^^ 
most  nart  are  free  and  unattached.  But  it  must  not  he  forgotten,  that 
re  laHr  productions  contained  in  water,  as>A  and  aquatic  veffetMton, 
exert  uKse  a  very  considerahle  effect  in  the  punhcation  of  water,  hy 
reSovinc^  from  it  a  large  quantity  of  the  dissolved  organic  niatter 

The  illustrations  -iven  in  this  article  of  the  many  productions  found 
in  w'ktL^itXdrinking,  and  chiefly  those  of  ^^^^^^-^^^.^^^^^l 
politan  Water  Companies,  were  made  some  years  since,  ^'^'J  "^J* 
clearly  understood  that  they  do  not  represent  the  condition  of  the 
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waters  now  supplied  by  those  companies,  which  has  of  late  undergone 
Sir  .  question  posser^^^^^ 

are  stm  to  be  lound  in  great  abundance  in  many  waters  employed  for 
all  domestic  pui-poses,  including  di-inlring.  employed  lor 


MICEOZTICES  IN  WATER. 

Microzymes  or  Bacteria,  the  varieties  of  which  are  included  nrd^r 
the  general  term  'Schizomycetes,'  are  other  names  t  oin-  faS^frienS 
yibriones,concermn^  the  presence  of  which  in  potable  water  in  ?he 
ye"  "rwedl"  fe-water  discharges 'of  cholera,  w'e  many 
yeais  ago  tieate  l  in  several  publications  relating  to  those  subjects 
Dr.  Burdon  ^anderson,  by  his  recent  experiments  and  obLrJa  ions 
has  invested  these  mmute  organisms  .ith  a  new  interest  STmpol 
tance,  as  we  now  propose  to  malce  apparent  ^ 

Microzymes,  in  their  fiilly-formed  state,  consist  of  infinitely  minute 
bodies,  01  an  elongated  or  staff-like  form,  and  with  rounded  and  sS  Iv 
enlarged  ends.  They  appear  to  proceed  fi-om  minute  particles  of  matte? 
mbedded  in  a  transparent  base  or  substance,  often  of 'a  spheroidal  form 
they  are  colom-ed  brown  by  iodine  ;  they  contain  nitrogen  in  their  com- 
position and  are  now  bel  eved  by  most  observers  to  be  of  a  ve^eSe 
nature  alhed  to  fiingi,  both  morphologieaUy  and  physiologicaUy. '  They 

iVlWlil''  T"^"  'l^r^  '-^"-^      tie  firs^t  instance  in  I 

i  .  Pi'e«"med  to  be  of  an  albimiinoid  cha- 

racter, but  subseqiiently  either  diffused  throughout  the  liquid  or  forming 
a  scum  on  the  surface;  in  which  latter  case  Dr.  Sanderson  has  obsei-yed 
that  the  rods  stand  verticaUy  side  by  side.  Thev,  in  some  cases,  as  in 
Pasteur  s  solution,  accompany  and  promote,  if  they  are  not  the  cause  of, 
putrefactive  decomposition,  feeding  on  the  nitrogen  of  the  albiuninoid 
material  which  the  hquid  contains,  and  when  that  is  absent,  even  on 
the  nitrogen  of  an  ammoniacal  salt,  such  as  tartrate  of  ammoma 

I^rora  a  great  variety  of  experiments.  Dr.  Sanderson  ascertained 
that  microzymes  are  not  developed  in  liquids  which  have  been  heated 
to  a  temperature  of  366°  F.,  or  which  have  even  been  boiled,  and  this 
whether  the  liquids  are  exposed  to  the  air  or  not,  and  piwaded  also 
that  any  distilled  water  used  has  been  boiled,  and  even  the  surfaces  of 
the  glass  tubes  and  vessels  employed  have  been  heated,  either  by  im- 
mersion in  boiling  water,  or  by  subjection  to  the  temperature  na^ed.^ 
Aow  It  IS  remarkable  that,  imder  the  same  circumstances  which  pre- 
vent the  growth  of  microzymes, /mw^i  appear,  especially  on  the  ex- 
posure of  the  liquids  to  air,  and  very  abundantly  in  Pasteur's  solution, 
which  consists  of  a  solution  of  sugar,  tartrate  of  ammonia,  and  yeast-ash 
only.    I  he  reason  of  the  necessity  for  boiling  the  distilled  water  and 

nolI^J^  ''"^"^^  P"'"*  ^^'^'^^  """'^  '°       ^'«'"3'  definitely  fixed  at  about  110°  C.= 
230°F.  for  common  septic  bacteria.'   (Dr.  Sanderson,  in  lit.) 
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thorouRlily  diTing,  by  lieat,  tlie  surface  of  the  glasse^  used,  arises  from 
the  fa^  that  the  germs  of  the  microzymes  are  to  be  found  m  many 
samples  of  such  water,  since  they  are  not  absolutely  pm^e,  and  even  m 
the  moisture  resting  on  the  sm-face  of  glass.  _  That  ordinary  air 
does  not  contain  microzymes  was  proved  by  di'awing  by  means  of  an 
aspirator,  a  quantity  of  air  through  a  boiled  test  solution,  no  micro- 
zymes appearing  in  the  liquid  after  it  had  been  kept  for  a  considerable 
time  ;  and  it  wis  fm-ther  established  that  really  pure  distiUed  water 
does  not  develope  microzymes.  _  f  a-  ^-■^^.A 

Now  the  fact  of  the  great  impurity  of  many  samples  of  distilled 
water,  and  also  that  microzymes  or  vibriones,  fungi,  and  other  animal 
and  veo-etable  productions,  are  frequently  developed  mit,  has  long  been 
known?  The  existence  of  microzymes  in  many  impme  waters  was 
some  years  smce  pointed  out  by  the  writer  in  his  brochure  entitled  A 
Microscopical  Examination  of  the  Waters  suppbed  to  the  Metropohs, 
and  elsewhere,  as  also  that  they  occm-red  in  two  states— free,  and  m 
gelatinous  spheroidal  masses.  ,  . 

Dr  Sanderson,  therefore,  from  aU  his  experiments,  amves  at  the 
conclusion  that '  water  is  the  primary  som-ce  fi-om  which  the  germinal 
particles  of  bacteria  are  derived,  whenever  they  seem  to  originate 
spontaneously  in  organic  solutions ; '  and  since  their  development 
depends  on  the  presence,  in  impure  water,  of  niti-ogenous  matter,  it  oi 
coui-se  follows  that,  the  greater  the  amount  of  this,  the  more  abundantly 
are  the  microzymes  developed  when  the  water  is  added  to  Pasteiu-'s  test 
solution:  and  Dr.  Sanderson  proposes  to  judge  of  the  extent  of  this 
kind  of  impui'ity  of  water  by  the  degree  of  the  opalescence  produced  by 
diilerent  waters  operated  upon  in  the  same  manner,  as  follows :— A 
small  cylindi-ical  glass,  capable  of  holding  ten  cubic  centimetres,  is  first 
heated  "to  395°  F.  This  is  then  haU-tilled  with  boiling  Pasteur  s 
solution,  and  to  this  are  added  five  drops  of  the  water  to  be  tested,  the 
mouth  of  the  glass  being  plugged  with  cottonwool.  After  each  testing, 
the  pipette  used  must  be  immersed  for  some  minutes  in  boilmg  distiUed 
water.  If  impure,  after  the  lapse  of  from  six  to  ten  days,  the  upper 
part  of  the  liquid  will  be  observed  to  be  opalescent,  and,  on  examina- 
tion with  the  microscope,  microzymes  will  be  detected.  The  tube  in 
which  the  water  is  collected  for  examination  must  be  prepared  or 
superheated  beforehand,  both  ends  being  hermetically  closed  before  it 
leaves  the  fiame  of  the  blowpipe  :  thus  prepared,  it  is  filled  by  breaking 
off"  one  end  while  it  is  imder  the  water. 

Dr.  Sanderson  terms  the  power  of  water  to  develope  microzymes 
'  the  zymotic  property,'  and  measures  it  by  their  abundance,  and  the 
consequent  degree  of  opacity  to  which  their  presence  gives  rise. 

By  the  method  above  described,  the  waters  of  some  of  the  London 
companies  were  tested,  and  all '  acted  zymotically  '  in  difierent  degrees, 
filtration  exercising  '  no  perceptible  influence  on  the  zymotic  power  of 

water.'  i    •    i  n     ■■     »  . 

Further,  Dr.  Sanderson  found  that  water  obtained  by  the  fusion  of 
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?r,  thp  1.       '  ^•1™°*'''  ^«  '"'"^^y  otlier  varieties  of  water  wLicli 

m  the  beam  are  seen  to  be  full  of  light  scattering  particles  ' 

.  -Vastly,  It  was  ascertained  that  the  microzymes,  when  thorouohlv 
dned  at  a  temperature  of  104°  F.,  and  added  to  the  est  sohu  oThTfhe 
usual  way,  did  not  recover  their  vitality  andgive  rise  to  any  development 

wa ToT?  '         -^"'"^"'^  °^  similarly  tS 

Znit  i     7   f  P'^T^'^-"'^^*^  °f  potash,  carbolic  acid 

qumme,  peroxide  of  hydrogen,  and  chlorine        ^        '  ^ 

Experiments  with  blood,  tissues,  albmnen,  and  urine  showed  that 
these  are  non-zymotic,  while  the  results  with  miUc,  pus  and  bliste 
serum  seem  somewhat  doubtful.  P  ' 

Such  is  a  brief  and,  we  ti-ust,  an  intelligible  exposition  of  Dr. 
bandersons  researches  and  many  experiments  '  On  the  Orio-in  and  Dis- 
ribution  of  Microzymes  in  Water.-    We  will  now  proceed  to  make  a 
tew  remarks  on  the  results  obtained 

As  ah-eady  stated,  the  fact  of  the  presence  of  microzymes  in  impure 
water  has  long  been  Imown  but  the  observations  inquestion  show 
that  either  the  microzymes  themselves,  or  the  germinal  matter  from 
which  they  proceed,  are  all  but  universally  present  in  water,  awaitino- 
only  the  occurrence  ot  cu-cumstances  favourable  for  theii-  fi^ther  de- 
velopment That  they  most  abound  in  waters  of  gi-eat  impm-ity  was 
also  ascertained,  and  that  from  such  water  they  should  be  freely  pro- 
duced when  supplied  with  nitrogenous  food,  as  is  the  case  when 
rastem-s  solution  is  used,  is  but  natm-al.  The  facts  as  to  the  non- 
conveyance  of  microzymes  by  dry  air,  and  their  destruction  by  thorou<.h 
desiccation  and  by  various  re-agents,  are  interesting  and  important. 
Ot  the  practical  value  of  the  microzyme  test  for  determining  the  quality 
of  a  water  we  do  not  think  very  highly,  and  believe  the  method  cannot 
be  made  safely  to  supersede,  or  be  a  substitute  for,  the  usual  qualitative 
and  quantitative  chemical  examinations  of  water.  No  proof  has  been 
given  that  the  microzymes  are  really  capable  of  giving  rise  to  con- 
tagious disease ;  they  are  contagious  only  in  the  sense  that  they 
inlect  the  materials,  if  these  are  of  a  suitable  natm-e  to  support  them, 
with  which  they,  through  impure  water,  are  brought  into  contact, 
ihe  very  tact  of  the  universality  of  their  presence  in  water  is  a  reason 
tor  regarding  these  particular  microzymes  as  harmless,  so  far  as  relates 
to  the  propagation  of  disease.  Further,  the  propriety  of  the  phrases 
zymotic  power,  or  '  zymotic  property,'  may  be  questioned,  as  applied 
to  waters  which  either  contain,  or  are  capable  of  givino-  rise  to  micro- 
zymes, since  the  inference  will  be  drawn  by  many  that  such  waters 

1  Dr.  Sanderson  now  iise=,  in  place  of  Pasteur's  solution,  .<i  suitable  solution  of 
soluble  salts  only,  dispensing  with  the  sugar  and  vea>t  ash,  which  contains 
phosphate  o(  hme.  1  he  advantage  of  this  is  that  spoVules  and  tufts  of  fungi  are 
not  apt  to  appear  m  the  liquid,  and  a  clear  in  the  place  of  a  turbid  solution  is 
obtained,  so  that  the  commencement  of  the  bacterium  opalescence  can  be  at  once 
observed. 
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possess  the  property  of  giving  rise  to  '  zymotic  diseases/  which  has 
not  been  established. 

Dr  Sanderson,  it  should  be  noticed,  however,  does  not  regard  any 
microzymes  as  contagious,  excepting  those  which  actuaUy  inhabit 
contagious  liquids,  and  as  regards  these  last  he_  has  pointed  out  the 
absence  of  any  evidence  that  they  are  causes  of  disease. 

STATOAEB  OF  PUEITY  OF  DRINKING  WATER. 

It  woldd  be  a  good  and  useful  thing,  for  the  public,  and  even  the 
chemist  and  sanitarian,  if  a  Standard  of  Piuity  could  be  fixed,  wherejjy 
the  quality— the  wholesomeness,  or  otherwise— of  waters  used  lor 
drinldng  should  be  judged  and  determined.  At  present,  the  pvmty  or 
impurity  of  a  water  is  expressed  by  some  such  terms  as  the  following 
—moderately  good,  good,  very  good  ;  or,  rather  bad,  bad,  very  bad  •, 
no  two  persons  in  using  these  expressions  meaning  exactly  the  same 
thins,  having  no  rule  or  standard  to  guide  them  :  thus  a  water  which 
according  to  one  chemist  would  be  good,  to  another  would  be  bad. 

Now  it  is  by  no  means  an  easy  task  to  fix  u]3on  a  standard  of 
purity  which  all  would  be  willing  to  accept,  still  it  will  be  well  to 
consider  and  discuss  the  question,  in  order  to_  ascertain  wherein  the 
diificidties  lie,  and  how  near  an  approach  can  be  made  to  such  a 
standard  as  is  now  suggested. 

Judged  by  its  phvsical  characters,  a  good  drinking  water  should  be 
entirely'^free  from  colour,  taste,  or  smeU ;  cool,  well  aerated  and  soft, 
bright,  and  entii-ely  fi'ee  from  all  deposit.  It  should  be  ever  re- 
membered, however,  that  the  great  majority  of  well  waters  in  towns 
and  cities,  notwithstanding  their  coolness  and  brightness,  are  more  or 
less  polluted  owing  to  the  proximity  of  drains,  cesspools,  and  sewers. 
Dr.  Frankland  defines  the  essential  qualities  of  a  good  di-inking  water 
to  be,  '  first,  coolness  and  aeration ;  secondly,  freedom  from  organic 
matter  of  all  kinds ;  thirdly,  that  it  should  never  have  been  con- . 
taminated  by  sewage  or  manure  in  any  form ;  and,  finally,  that  it 
should  be  soft  water,  not  over  5°  of  hardness.' 

It  is  e\'ident,  from  what  has  already  been  advanced,  that  a  much 
wider  range  may  be  allowed  to  the  mineral  matter  present  in  a  water 
than  to  the  organic.  It  is  desirable,  however,  as  a  rule,  that  this 
should  not  exceed  some  10  or  12  gi-ains  per  gallon,  on  account  of  the 
hardness  which  excess  of  mineral  matter  usually  entails.  The  water 
of  the  Thames  companies  contains  about  16-50  grains  of  mineral 
matter  to  the  gallon,  and  has  an  average  hardness  of  13-5°,  reducible 
by  boiling  to  3-5°,  and  yet  the  comparative  hardness  of  this  water  is 
often  complained  of,  and  it  is  certainly  objectionable  for  cooking  and 
washing  purposes,  although  it  is  mostly  of  the  temporary  character. 

Returning  again  to  the  published  analyses  of  the  waters  of  the 
London  companies  deriving  their  supply  from  the  Thames,  the  quality 
of  which  is  generally  acknowledged  to  be  below  the  requisite  standard 
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of  pimty,  we  find  that  they  still  contain  on  tlie  averag-e  about 
I5-hundredths  of  a  grain  of  albuminoid  organic  matter  to  the  gallon  and 
consequently  the  amount  of  that  constituent  allowed  should  be'  less 
than  that  above-named  ;  formerly  the  amount  of  albuminoid  matter 
contained  in  these  waters  was  very  much  greater. 

Again,  since  ammonia,  niti-ous  and  nitric  acids  occur  in  very  many 
waters,  and  since  these  afibrd  indications  of  the  extent  of  contamina- 
tion to  which  a  water  is  subject,  the  limits  of  these  allowable  should 
also  be  defined. 

Now,  in  order  to  avoid  fixing  upon  any  impracticable  standard,  it 
will,  m  the  next  place,  be  desirable  to  quote  the  analyses  given  by 
the  Rivers'  Pollution  Commission  in  1871  of  some  of  the  purest 
waters  hitherto  supplied  for  the  use  of  towns  and  cities. 


In  100,000  Parts. 


- 

Total  solids. 

Organic 
nitrogen. 

Albiuninoid 
matter. 

Nitrogen  as 
nitrites 
and  nitrates. 

Ammonia. 

Total 
hardness. 

Liverpool    .       .  '  . 

9-66 

-029 

•185 

•000 

•002 

3^97 

Kivington  Pike. 

Manchester  .... 

6-20 

•009 

■057 

•025 

•006 

3^73 

Gathering  grounds. 

Oldham  .... 

12-80 

-014 

•089 

•Oil 

•004 

6^96 

Gathering  ground. 

Preston       .  '  . 

12-44 

•031 

■198 

■000 

•006 

8^94 

Gathering  ground. 

Aldershot  Camp  . 

6-14 

•048 

•307 

•000 

■001 

4-18 

Gathering  gruund. 

Lancaster  .... 

4-58 

•022 

•140 

■000 

■001 

•87 

Gathering  ground. 

Edinburgh  .... 
From  Crawlej'  Burn. 

11-28 

-031 

•198 

•000 

•001 

6-08 

Whitehaven 

2-16 

-017 

■108 

•000 

•001 

1^45 

Ennisdale  Lake. 

Keswick  .... 

4-34 

-0-24 

•153 

■000 

•001 

3-37 

From  Skiddaw. 

Dublin  .... 

6-34 

•024 

•153 

•000 

•001 

2-97 

River  Varty. 

These  results  are  remarkable  and  for  the  most  part  very  satisfactory, 
for  they  show  that  not  only  are  waters  of  a  high  degree  of  puritv 
attainable,  but  that  large  towns  and  cities  are  already  supplied  with 
them — the  piuity  extending  even  to  the  mineral  matter,  rendering 
these  waters  not  merely  fitted  for  di'inldng,  but  also  for  all  domestic 
purposes,  as  cooking  and  washing.  The  albiuninoid  organic  matter  is, 
however,  in  most  of  these  waters  stiU  too  high ;  but  we  must  remember 
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that  Frankland's  mode  of  analysis  furnishes  higher  results  than  does 
Wanldyn's  method.  _  • 

Taking-  into  consideration  the  several  data  above  given,  we  -would 
fix  the  following  as  'The  Standard  of  Purity'  at  -which,  in  the 
supply  of  -water  for  drinliing  purposes,  it  is  desirable  to  aim : — 


Per  100,000  Grains. 


Mineral 
matter. 

Free 
ammonia. 

Albuminoid 
matter. 

Nitric  and 
nitrous  acid. 

Hardness, 
temporary. 

Hardness, 
permanent. 

14-17  parts 

0-005 

0-10 

0-35 

10 

2 

The  following  analyses  of  a  few  samples  of  bad  water  are  in 
striking-  contrast  with  the  standard  above  given : — 


Samples  of  Impure  Water  recently  Analysed  in  the  Laboratory  of  the  Author. 


Total  solids 

84-6 

104-8 

129-9 

68-0 

Total  hardness 

41-6 

59-2 

68-0 

36-2 

Chlorine  . 

G-93 

15-618 

28-14 

12-340 

Tree  ammonia 

1-288 

0-023 

0-014 

0-0091 

Albuminoid  ditto 

0-028 

0-01 

0-0081 

0-0131 

Nitric  acid 

9-072 

Tot>il  ?olids . 

126-0 

108-9 

170-6 

95-5 

144-8 

Total  hardness  . 

26-7 

53-4 

29-2 

34-96 

30-6 

Chlorine 

12-0 

0-776 

23-70 

15-23 

11-862 

Free  ammonia 

0-003 

0-046 

0-006 

0-00G9 

0-876 

Albuminoid  ditto 

0-013 

0-005 

0-012 

0-0219 

0-0098 

Nitric  acid 

10-991 

8-233 

0-186 

6-965 

5-092 

The  number  of  illustrations  of  bad  waters  might  have  been  further 
extended,  but  their  m\iltiplication  would  sei-ve  no  useful  purpose.  In 
nearly  all  cases  in  which  there  is  much  nitric  acid,  the  chlorine  is  also 
greatly  increased. 

It  must  be  clearly  understood,  however,  that  it  is  impossible  in 
many  cases  to  judge  of  the  quality  of  a  water  by  simply  regarding 
only  one  result  of  an  analysis,  but  the  whole  must  be  taken  into  con- 
sideration, and  the  one  balanced  against  the  other.  Thus  a  water  may 
contain  a  large  quantity  of  nitric  acid,  but  only  a  minute  quantity  of 
free  ammonia  and  albuminoid  matter,  and  such  a  water  would  have 
to  be  regarded  as  piu:e  and  fit  for  drinlring  purposes.  Again,  another 
water  may  contain  a  considerable  excess  of  mineral  matter  as  well  as 
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nitnc  acid,  and  yet  be  a  very  pure  water  as  respects  the  organic  con- 
stituents, and  hence  it  luio-ht  be  used  for  driuldu?  purposes  with 
safety,  although  its  hardness  would  render  it  less  fit  for  domestic 
use  than  a  softer  water.  But  we  now  call  the  reader's  special  atten- 
tion to  what  follows.  Some  few  instances  are  on  record  in  wliich 
waters  with  but  little  organic  or  mineral  impurity  have  produced 
epidemic  disease;  and  had  a  chemical  standard  been  followed,  the 
water  would  have  been  pronounced  pure  and  wholesome.  It  is  in 
such  cases  as  these  that  so  far  chemistry  fails  us ;  but  these  are  for 
the  most  part  quite  exceptional,  and  such  cases  are  to  be  explained  bv 
the  contamination  of  the  water  with  the  special  poisons  of  cholera  and 
ty  phoid,  which  are  capable  of  producing  these  diseases,  even  when  the 
minutest  quantities  of  the  poisons  find  an  entrance  into  the  system. 
Now  this  last  fact  is  one  which  shows  how  necessary  it  is  to  avoid  as 
far  as  possible  the  use  of  all  waters,  like  those  of  rivers,  specially  liable 
to  contaminations  of  so  many  kinds,  and  particularly  excremental 
impurity  and  the  discharges  of  persons  attacked  with  epidemic 
diseases. 

The  celebrated  surgeon.  Sir  W.  Fergusson,  in  his  address  at  a 
meeting  of  the  British  Medical  Association,  recentlv  held  in  Lon- 
don, told  the  doctors,  sanitarians,  and  chemists,  that  their  opinions 
about  wa,ter  were  all  wrong ;  that  in  the  case  of  a  water  supply 
quantity  is  of  far  more  importance  than  qualitj- ;  that  we  ought  not  to 
object  to  dead  or  even  living  organic  matter  in  potable  water  '  in  the 
shape  of  a  few  fleas.'  Upon  what  grounds,  think  you,  has  the  learned 
and  respected  professor  arrived  at  this  startling  conclusion  ?  Firstly, 
because  a  great  deal  of  the  water  met  with  is,  in  its  untreated  con- 
dition, more  or  less  contaminated,  and  hence  the  diflicultv  of  obtain- 
ing pure  water ;  but  Sii-  William  fails  to  point  out  why  it  is  so  much 
of  the  water  met  with  is  thus  contaminated,  and  to  show  that  this 
contamination  is  due  to  the  polluting  influences  of  man  himself  through 
his  manufactures  and  his  sewage.  He  ignores  the  wise  old  maxim : 
'  Cleanliness  is  next  to  godliness.' 

Secondly,  he  bases  his  opinion  on  the  fact  that  the  soups  we  partake 
of  all  contain  large  quantities  of  organic  matter,  the  dread  of  the 
water  chemist ;  and  that  as  soon  as  ever  the  purest  water  is  swallowed 
and  brought  into  contact  with  the  human  body,  it  immediately 
becomes  contaminated  with  this  dreaded  animal  matter. 

In  malring  these  remarks  Sir  William  proves  how  dangerous  and 
diflicult  a  thing  it  is  for  one  not  really  conversant  with  the  subject  of 
which  he  treats  to  handle  it  aright.  By  them  he  shows  that  he  has 
totally  misunderstood  the  whole  point  and  meaning  of  the  question. 
It  has  never  been  contended  by  chemists  that  the  organic  matters 
determined  by  them  in  water  constitute  the  injurious  constituents,  tlie 
materies  morhi  in  water ;  they  simply  regard  the  quantities  in  which 
they  are  present,  combined  with  the  circumstances  under  which  they 
occur,  as  the  measures  of  the  impiu-ity  to  which  they  are  exposed, 
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and  as  indicating  the  degree  of  liability  of  any  water  to  become  con- 
taminated with  the  special  poisons  of  cholera,  typhoid  fever,  or  other 
disease.  Viewed  in  this  light,  the  exact  determination  by  chemists 
of  the  impurities  of  water,  of  the  albuminoid  organic  matter,  &c., 
becomes  a  question  of  the  highest  importance,  since  it  is  the  means 
of  showing  not  only  where  danger  of  infection  exists,  but  also  where 
means  of  prevention  should  be  specially  adopted.  Thus  viewed 
it  is,  and  will  continue  to  be,  the  bounden  duty  of  the  physician,  the 
sanitarian,  and  the  chemist,  to  use  their  utmost  endeavoiu's  to  secure 
for  the  public  an  ample  supply  of  the  purest  water  which  can  by  every 
reasonable  means  be  obtained. 

Supply  of  Water  per  head. 

The  supply  of  water  for  a  town  should  be,  according  to  the  best 
authorities,  about  25  gallons  per  head  per  day  for  all  piu-poses,  but  great 
variations  exist  in  the  actual  quantity  supplied  in  different  towns  and 
cities.  Thus,  according  to  Mr.  Bragg,  the  quantity  per  head  is  in 
Norwich  12,  and  in  Derby  14  gallons,  while  in  Edinbm'gh,  according 
to  Partes,  it  is  35,  in  Southampton  35,  and  in  Glasgow  50  gallons  per 
head.  Parkes  estimates  the  quantity  necessary  for  personal  and  domestic 
use,  without  baths,  at  12  gallons  per  head  per  day  as  a  minimum  supply, 
and  with  baths  16  gallons ;  but  this  makes  no  allowance  for  water- 
closets  or  for  waste.  ' 

It  has  not  yet  been  determined  what  quantity  should  be  allowed 
for  closets,  but  Parkes  states  that  six  gallons  per  day  per  head  shoiild 
probably  be  allowed,  he  pointing  out  that  in  this  particidar  instance 
false  economy  in  the  use  of  water  is  most  undesirable.  We  thus 
account  for  22  of  the  26  gallons  above  alluded  to  ;  but  since  allowance 
must  be  made  for  waste  and  for  an  extra  supply  for  closets,  the  esti- 
mate of  25  gallons  seems  a  fair  and  reasonable  one.  It  must  be  remem- 
bered, also,  that  a  less  amount  than  the  above  would  scarcely  suffice  to 
effect  the  necessary  cleansing  of  the  sewers,  an  object  of  such  essential 
importance. 

IMPITRE  WATEE  A  SOTJECE  OF  DISEASE. 

It  has  been  fully  established  that  impure  water  is  a  fi-uitful  cause 
of  disease,  and  a  great  body  of  e\-idence  to  this  effect  has  abeady  been 
obtained,  and  it  is,  moreover,  daily  increasing ;  disease  being  occasionedj 
80  far  as  is  known,  by  the  organic  matters  which  the  water  contains. 

Of  the  nature  and  condition  of  these  matters  but  little  that  is 
precise  is  known ;  the  most  hui-tful,  there  is  reason  to  believe, 
are  those  which  are  in  suspension,  and  especially  when  derived  from 
recent  sewage  and  fcecal  matter.  At  all  events,  this  would  appear  to 
be  the  case,  from  the  fact  that  many  of  the  waters  which  have  been 
p-oved  to  be  productive  of  disease  have  been  found  to  be  more  or  less 
turbid,  and  to  contain  sedimentary  matters.  At  the  same  time,  how- 
ever, those  which  are  held  in  solution  are  probably  also  hurtful ;  for 
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disease  is  frequently  traced  to  tlie  use  of  waters  which  are  perfectly 
bright  aud  clear,  and  which  contain  no  appreciable  sediment.  Again, 
some  of  the  fatty  acids,  mostly  in  the  combined  state,  derived  from  the 
decomposition  of  organic  matter,  are  also  believed  to  exert  injurious 
effects,  as  formic,  acetic,  propionic,  butp-ic,  and  cnproic  acids,  aud  par- 
ticidarly  butyric,  and  in  a  less  degree  nitrous  and  nitiic  acids.  These 
last  acids,  even  in  the  combined  state,  exert,  as  will  be  shown,  apowerful 
action  on  lead  and  other  metals  with  which  they  are  brought  into  con- 
tact, aud  they  are  also  strongly  diuretic.  As  to  the  much-debated 
question  of  the  production  of  disease  by  specific  germs,  nothing  positive 
has  as  yet  been  established.  There  is  no  reason,  as  far  as  we  are  aware, 
to  believe  that  the  ordinary  living  productions  contained  in  some 
drinking  waters,  especially  those  derived  from  rivers,  are  themselves 
productive  of  disease,  excepting  only  the  ova  of  various  intestinal 
worms  and  other  entozoa  which  are  thus  introduced  into  the  stomach 
aud  intestines,  where  they  become  developed.  Such  productions  are 
rather  to  be  regarded  as  evidences  of  the  contamination  of  the  water 
in  which  they  are  present,  and  to  the  purification  of  which  they 
contribute  by  their  development  and  growth. 

According  to  some  authorities,  the  presence  of  a  certain  amount  of 
lime,  chiefly  in  the  form  of  carbonate,  iu  drinldug  water,  is  necessar}^  to 
health,  it  fui-nishing  the  lime  which  enters  into  the  composition  of  the 
osseous  system.  This  view  we  have  abeady  stated  we  believe  to  be 
entirely  erroneous ;  partly  since  almost  all  the  articles  of  food  con- 
sumed, especially  vegetables,  meat,  milli,  &c.,  contain  that  base  in 
quantities  far  exceeding  the  amount  met  with  iu  most  potable  vvaters. 
While,  therefore,  there  is  no  reason  to  believe  that  lime  is  an  essential 
constituent  of  water,  on  the  other  hand  there  does  not  appear  to  be 
any  evidence  to  show  that  when  the  quantity  present  is  but  small  it 
exerts  any  injmious  effects;  and  the  same  may  be  said  of  the  chloride 
of  sodium  usually  met  with  in  water.  The  chlorides  of  calcium  and 
magnesium,  and  the  sulphates  of  the  same  bases,  if  in  large  amount, 
woidd  doubtless  tend  to  render  a  water  imwholesome  in  many  cases,  in 
consequence  of  the  aperient  and  other  properties  possessed  by  these 
salts.  Again,  ii'on  in  water,  in  any  but  the  smallest  amoimt,  woidd  be 
calculated  to  produce  e\Tl  results  with  many,  as  headache,  constipation,  &c. 

It  has  been  very  frequently  afiirmed  that  the  use  of  hard  calcareous 
waters  is  productive  of  stone ;  but  there  is  still  a  great  want  of  any  con- 
clusive evidence  establishing  this  point.  It  is,  indeed,  well  known  that 
calcidous  affections  are  especially  prevalent  in  many  disti-icts,  but  it  has 
not  been  proved  that  the  prevalence  is  due  to  tlie  character  of  the 
water  supply. 

The  following  disorders  and  diseases  have  all  of  them  been  produced 
by  impm-e  water — namely,  dysjiepsia,  diarrhoza,  dysentery,  cholera, 
typhoid  fever,  scarlet  fever,  malnnous  fevers,  and  ague.  In  fact,  one  or 
other  of  the  above  diseases  is  always  more  or  less  prevalent  throughout 
the  countiy,  due  to  the  consumption  of  impure  and  contaminated 
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water.  Indeed,  a  whole  voliime  niiglit  be  written  on  tliis  subject,  but 
to  enlarge  upon  it  would  extend  this  article  beyond  the  limits  at  oiu' 
disposal. 

Affections  of  the  stomach,  dyspepsia, — It  will  be  seen  that  the  effects 
of  impure  water  are  mainly  exerted,  as  might  have  been  expected,  upon 
the  mucous  membrane  of  the  stomach  and  intestines,  with  which  the 
water  is  brought  into  contact.  Parkes  states  that '  symptoms,  which 
may  be  refeiTed  to  the  convenient  term  dyspepsia,  and  which  consist  in 
some  loss  of  appetite,  vague  uneasiness  or  actual  pain  at  the  epigas- 
trium, and  a  slight  nausea  and  constipation,  with  occasional  diarrhoea, 
are  caused  by  water  containing  a  large  quantity  of  calcium  chloride 
and  sulphate,  and  the  magnesian  salts.  Dr.  Sutherland  foimd  the 
hard  water  of  the  red  sandstone  rocks,  which  was  formerly  much  used 
in  Liverpool,  to  have  a  decided  effect  in  producing  constipation,  lessen- 
ing the  secretions,  and  causing  visceral  obstructions ;  and  in  Glasgow 
the  substitution  of  soft  for  hard  water  lessened,  according  to  Dr.  Leech, 
the  prevalence  of  dyspeptic  complaints.'  .  .  .  'The  exact  amount  which 
■R  ill  produce  these  symptoms  has  not  been  determined,  but  water  con- 
taining more  than  eight  grains  of  these  substances,  individually  or 
collectively,  appears  to  be  injm-ious  to  many  persons.' 

Z)tff;v7«ce«.— Diarrhoea  may  be  produced  by  the  u-ritation  of  mineral 
substances  mechanically  suspended  in  the  water,  as  clay  and  marl,  as 
well  as  by  suspended  and  dissolved  organic  matters,  especially  those  of 
an  animal  nature,  as  seivage  and  /cecal  matter.  '  In  cases  in  which  the 
water  is  largely  contaminated  with  suspended  sewage,  it  is  important 
to  observe  that  the  symptoms  are  often  markedly  choleraic  (pm-gino-, 
vomiting',  cramps,  and  even  some  loss  of  heat).'  The  drinlring  of  water 
impregnated  with  sulphm-etted  hydi-gen  and  sewer  gases  will  likewise 
give  lise  to  diarrhoea. 

It  has  already  been  noticed  that  the  dissolved  mineral  matters 
sometimes,  even  when  contained  in  water  in  smaU  amount,  give  rise 
to  various  symptoms  of  dyspepsia,  but  they  are  also  sometimes  the 
cause  of  diaiThoea,  especially  those  waters  which  contain  any  con- 
siderable amounts  of  the  sulphates  of  lime,  magnesia,  and  soda.  It  is 
stated  also  that  diarrhoea  is  caused  by  waters  containing  either  the  ni- 
trate or  the  hutyrate  of  lime.  There  seems  to  be  a  dearth'^of  information 
as  to  the  special  effects  of  waters  which,  othemise  pure,  contain  a  con- 
siderable amount  of  carbonate  of  lime.  It  is  further  well  known  that 
brackish  water,  the  chief  constituent  of  which  is  chloride  of  sodium 
^vill  also  frequently  give  rise  to  diarrhoea.  ' 

Dysentery. — Another  disease  unquestionably  produced  by  impm-e 
■water  is  dysentery,  and  there  are  many  outbreaks  of  that  complaint 
which  have  been  traced  to  the  use  of  highly  contaminated  waters.  It 
has  been  proved  that  when  the  evacuations  of  those  laboiu-ing  under 
dysentery  make  their  way  into  drinlring  water,  it  is  rendered  capable 
of  propagating  the  disease,  as  is  also  the  case  with  typhoid  fever  and 
cholera. 
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Giolern.— The  evidence  which  has  now  been  accumulated  appear^ 
to  thoroiiohly  establish  the  fact  of  the  propag-ation  of  cholera  by 
means  of  driukinii-  water  conlaiuing  cholera-evacuations,  but  many  are 
of  opinion  that  the  consumption  of  impure  water  of  any  Irind  pre- 
disposes to  the  disease,  either  by  causing  diarrhoea  or  by  introducing 
into  the  alimentary  canal  '  organic  matter  which  may  be  thrown  into 
special  chemical  changes  by  a  small  quantity  of  cholera  poison  which 
has  been  introduced  with  air  or  food  and  swallowed.'  (Parkes.)  The 
latter  supposition  seems  to  us  scarcely  probable,  since  if  the  cholera 
poison  had  already  found  its  way  into  the  intestines,  where  of  comse 
it  would  increase  and  multiply,  nothing  more  would  appear  to  be 
required  for  the  full  effects  of  the  disease  to  be  produced. 

Typhoid  fever. — Another  of  the  diseases  now  ascertained  to  be 
comuiunicable  by  impure  water,  as  well  as  air,  is  typhoid  fever.  Dr. 
Parkes  draws  attention  to  the  fact  that  the  incubative  period  of  the 
disease  is  much  shorter  in  cases  of  typhoid  resulting  from  the  drinking 
of  specially  contaminated  water  than  when  the  disease  is  propagated 
through  tiie  medimn  of  the  air.  In  the  latter  case  fi-om  8  to  14 
days  may  elapse  before  the  early  malaise  comes  on,  while  in  the 
former  the  symptoms  sometimes  become  marked  in  two  or  three  days. 
It  has  not  yet  been  determined  as  to  whether  typhoid  fever  may  be 
propao-ated  otherwise  than  through  the  medium  of  typhoid  evacuations 
introduced  into  the  svstem  either  through  water  or  air.  '  Whether 
or  not  a  special  putrefactive  change  going  on  in  these  evacuations 
can  be  communicated  to  other  organic  matter  out  of  the  body  is  not 

certam.'  (Parkes.)  n ,  .    -,  i    -r>   T,r  m  4. 

Scarlet  /eyer.— Some  evidence  has  been  obtained  by  Dr.  V\  aUace  at 
Wood  Sutton,  which  goes  to  show  that  scarlet  fever  may  also  be  pro- 
pao-ated by  water,  but  we  are  left  in  doubt  as  to  whether  the  matenes 
morbiw&s  derived  from  the  fsecal  evacuations  of  from  the  skin  of  those 
sulferino-  from  the  disease. 

Malarious  fevers,  including  ague.-Oi  the  production  of  these 
fevers  by  impure  water  there  would  appear  to  be  no  room  for  doubt, 
but  the 'evidence  seems  to  point  strongly  to  the  vegetable  rather  than 
to  the  animal  natm-e  of  the  immediate  cause,  the  waters  gmng  nse 
to  the  disease  coming  from  marshes.  Several  very  sti-iking  instances 
have  been  recorded  of  the  prevalence  of  ague  in  localities  m  which  the 
drinkincr  water  was  obtained  from  marshy  districts,  and  in  which 
the  disease  immediately  disappeared  on  this  som-ce  of  supply  being 
abandoned  and  water  being  obtained  from  wells. 

'  One  very  important  cu-cmnstance  is  the  rapidity  of  development 
of  the  malarious  disease  and  its  fatality  when  introduced  in  water,  it 
is  the  same  thing  as  in  the  case  of  diarrhoea  and  dysentery.  Either 
the  fever-mak-inglause  must  be  in  larger  quantity  in  the  water,  or  what 
is  equally  probable,  must  be  more  readily  taken  up  into  the  circulation 
aid  carried  to  the  spleen,  than  when  the  cause  enters  by  the  lungs. 
(Parkes.) 
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Although  no  conclusive  evidence  has  as  yet  been  given  of  the  mode 
of  propagation  of  yelloiu  fever,  yet  it  is  not  imlikely  that  this  disease 
as  also  some  others,  and  possibly  amongst  the  number  erysipelas,  may 
frequently  owe  their  diffusion  to  impiu'6  and  specially  contaminated 
water. 

Goitre.— Anoth&v  disease  of  a  totally  different  character,  un- 
doubtedly produced  by  impm-e  water,  is  goitre.  The  evidence  of  its 
being  so  occasioned  is  imusually  strong  and  convincing,  and  this  cause 
in  some  instances,  it  is  stated,  will  give  rise  to  the  production  and 
development  of  goitre  in  as  short  a  time  as  from  8  to  10  days  while 
m  some  districts  in  France  and  Italy  goitre  may  be  produced  at  will 
by  the  drinldng  of  certain  watei-s. 

Considerable  difference  of  opinion  exists  as  to  the  nature  of  the  con- 
stituents of  water  which  give  rise  to  goitre,  but  there  is  much  reason  to 
beheve  that  the  lime  and  magnesian  salts  play  an  important  part 
although,  in  some  instances,  the  latter  salts  are  absent.  Dr.  M'Clellan 
has  shown  that  no  less  than  33  per  cent,  of  the  population  in  the 
Kumaon  district,  who  use  water  from  the  limestone  rocks,  suffer  from 
goitre  and  3-1  from  cretinism,  while  those  affected  in  districts  in  which 
the  water  supply  is  derived  from  the  granite  and  gneiss  and  the  clay 
slate  amount  to  less  than  1  per  cent.,  there  being  no  cases  in  the  dis- 
tncts  supplied  with  water  from  the  mica  slate,  hornblende,  and  e-reen 
sandstone.  M.  Saint-Lager,  however,  denies  that  there  is  any  con- 
nection between  the  hardness  of  water  and  goitre,  and  attributes  it 
either  to  u-on  pyiites  (sulphide  of  iron)  or  to  some  other  metaUic 
sulphide,  and  he  accounts  for  Dr.  M'Clellan's  results  by  the  statement 
that  the  water  m  Kimiaon  had  passed  through  certain  metalliferous 

WhUe  therefore,  there  is  considerable  difference  of  opinion  as 
to  the  nature  of  the  constituents  of  water  which  give  rise  to  o-oitre 
It  would  appear  that  the  question  is  one  which  might  be  definitelv 
determined  by  a  properly  conducted  chemical  investioation 

_  -E-Ji^osoft.— Lastly  it  has  been  abundantly  establilhed  that  several 
^  l  A  Z  ^.^^^^  P^'^  embrj^os,  find  an  entrance  into 
the  body  through  the  diinlnng-water  consumed.  This  is  certainly 
tie  case  with  Botki-to  cephalus  latv^,  Ascaris  lumbricoides,  and  most 
probably  also  the  Dochmius  duodenalis  and  Filai-ia  dracunculus 

Xmt?.— Another  contamination  or  impui-ity  of  water  is  with  that 
tughly  poisonous  metal,  lead,  which,  in  some  cases,  becomes  dissolved 
to  such  an  extent  as  to  produce  symptoms  of  lead  poisoning 
,  it  appears  from  evidence  on  record  that  as  little  as  ^-  e^ain  of  lead 
m  a  ga  on  of  water  has  given  rise  to  lead  poisoning  and  paralysis  In 
the  well-known  case  of  poisoning  which  occurred  in  the  family  of 
a'gSlon  atClaremont,  the  amount  of  lead  found  was  -/^  grain  in 

to  Sr^h/'^w'^  Edinburgh  is  supplied  contains,  according 
to  rarkes,  the  jf„th  of  a  gram  per  gallon,  a  quantity  which  has  not 
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been  found  to  be  biirtfiil ;  illness  has  also  resulted  from  tbe  con- 
sumption of  waters  containing  otber  metals,  as  ii-on,  zinc,  copper  and 
arsenic. 

ACTION  OP  WATER  ON  LEAD  AND  ZINC. 

A  g^-eat  deal  has  been  said  and  wi-itten  on  the  important  subject  of 
the  action  of  water  on  the  leaden  pipes  throug-h  which  it  is  conducted  to 
the  consumer,  and  on  the  cisterns  in  which  it  is  stored.  Altliough  the 
statements  made  are  somewhat  contradictory,  yet  the  actual  facts  may 
now  be  said  to  be  well  ascertained  and  established. 

For  many  years  it  was  imiversally  believed  that  soft  waters  acted 
most  on  lead  and  hard  least,  but,  as  will  be  presently  shown,  this 
statement  is  not  corroborated  by  further  and  more  exact  observa- 
tions and  experiments,  the  action  of  soft  waters  on  lead  being  due  not  to 
the  water  itself,  but  to  the  oxygen  and  other  substances  with  which  it 
is  more  or  less  impregnated. 

First.  The  (/ases  and  salts  which  most  attack  lead  are  oxygen, 
nitrmis  and  nitric  acids,  whether  free  or  combined ;  all  the  chlorides ; 
caustic  lime,  as  contained  in  mortar,  &c.,  soluble  compoimds  being  formed 
with  all  these. 

Carbonic  add  likewise  attacks  lead,  but  the  resulting  compound  is  in- 
soluble unless  in  the  presence  of  a  considerable  excess  of  carbonic  acid. 
Thus  a  film  or  coating  is  frequently  foimd  on  the  sm-face  of  lead  cisterns 
and  pipes,  consisting  usually  of  a  basic  cai-bonate  of  lead,  with  two 
molecules  of  carbonate  of  lead  and  one  molecule  of  hydrated  oxide. 
But  according  to  Mr.  Lauder  Lindsay,  this  coating  has  frequently  a 
more  complex  composition,  and  consists  of  the  carbonates,  phosphates, 
and  sulphates  of  lime  and  magnesia,  with  some  chloride  of  lead. 
This  film  or  cmst  is  liable  to  become  diffused  through  the  water  when 
it  is  agitated,  and  in  this  way  it  may  be  introduced  into  the  system  ; 
but  it  is  said  that  the  coating  thus  formed  on  the  surface  of  lead  exerts 
a  protective  effect  by  retarding  or  preventing  the  action  of  the  other  : 
substances  on  the  metal. 

According  to  Medlock,  nitrite  of  ammonia  exerts  the  gi-eatest  1 
influence  on  lead,  the  nitrite  of  that  metal  being  formed.    The  nitrite  f 
of  ammonium  being  a  volatile  salt,  is  found  in  most  distilled  waters 
obtained  from  an  impm-e  source. 

The  salts  which  exert  the  least  action  on  lead  are  carbonate, 
sulphate,  and,  according  to  Frankland,  especially  phosphate  of  lime  ; 
also  in  a  less  degree  the  coiresponding  salts  of  magnesia  and  the 
alkaline  phosphates. 

Second.  Organic  substances  affect  lead  powerfully,  and  the  organic 
acids  generally,  as  those  derived  fi'om  fruit,  beer,  milk,  cider,  &c. 

Tlaird.    Another  way  in  which  lead  becomes  dissolved  is  by  gal- 
vanic action,  as  when  lead  comes  into  contact  with  iron,  zinc,  or  tin.  .| 
Zinc  pipes  often  contain  considerable  quantities  of  lead,  and  hence, 
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Si?m?tal^^'°^^"'^^''*^^'  ^^^^"^  fi-equently  been  found  to  contain 
In  the  same  way,  water  sometimes  becomes  contaminated  with  a 
vanety  of  other  metals,  but  particularly  with  the  followin<r_namelv 
tron,  zmc  coppe?;  and  arsenic.  It  is  said  that  rain-water  collected  from 
a  zinc  roof  IS  not  imfrequently  found  to  be  sufficiently  contaminated 
with  Z171C  to  prove  injurious. 


EFFECT  OF  GEOLOGICAI  FORMATION  ON  THE  COMPOSITION  OF 

WATER. 

f,  "^"-r^ff     T""'-  <i^ssolves  dm-ing  its  descent  throua-h 

the  soil  difFerent  mmeral  constituents.  It  is  evident  that,  accordS 
to  the  geological  foi-matiou  through  which  the  water  passes  its  dis- 
solved constituents  will  vary,  and'frequently  it  is  poBsibrto  say  wha 

?rs'^tSai§y-en^^--  epitomi^^^^  £^ 

slafl'  T^t'lnJ??^  gramtic  metamorphic,  trap  rock  and  clay 
Z.      iT  ^^sually  very  low,  seldom  exceeding  6  orains 

^tl/Sr-r  of  carbonate  and  chloride  of^soSum 

"i^y  small.       "  '"'^  ^l^e  quantity  of  organic  matter's 

2.  Millstone  grit  and  hard  oolite  w«i«-s.-These  waters  resemble 
the  preceding;  they  are  very  pure, and  contain  sulphate  and  carbonate 

3.  Soft  saml  rock  waters.— The  waters  derived  from  these  source, 
are  as  a  rule,  impure,  and  usuaUy  contain  much  chlorTe  suJphate  Td 

S  r=  I  Q  ^  -^^  per  gallon,  the  organic  matter  beinff  some- 
tunes  as  much  8  grams  per  gallon  and  Iven  more.  OccafionaUv 
these  waters  are  pure  and  soft  vjccasionaiiy 

green  .and,  are        p„„,  the  total  solids  not  exceeding  8  IST 

18  also  the  amount  of  organic  matters  present.  ^ 

latter  in  ma™;::ts"tt3r^  W^-.  ^_«,^„esemble  the 
many  respects,  but  contain  more  magnesia  and  sulphate  of 
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lime.     The  permanent  hardness  is  greater  than  in  the  preceding. 
Organic  matter  usually  in  small  amount. 

8.  The  selenitdc  waters  are  rich  in  sulpliate  of  lime,  and  conse- 
quently in  permanent  hardness,  which  renders  them  unwholesome 
waters,  liable  to  produce  dyspepsia  and  constipation,  alternating  with 
diarrhoea. 

9.  Clay  toaters  are  chiefly  surface  waters  containing  hut  few  dis- 
solved constituents,  but  much  suspended  matter. 

10.  Alluvial  waters. — The  amount  of  total  solids  is  variable,  from 
20  to  120  grains.  The  organic  matter  is  high  and  often  derived  from 
admixture  and  contamination  with  sewage ;  hence  these  waters  are  for 
the  most  part  impure. 

11.  Surface  and  subsoil  waters  of  course  vary  greatly  in  coinposi- 
tion,  but  are  mostly  very  impure,  and  should  not  be  used  for  drirddng 
purposes.  Butyric  acid,  in  union  with  lime,  is  in  some  cases  found  in 
these  waters. 

12.  Marsh  water  is  mostly  very  rich  in  vegetable  organic  matter, 
containing  from  12  to  even  50  grains  per  gallon,  and  is  often  of  a 
strongly  yellow  colour.  Suspended  organic  matter  is  also  common. 
It  is  highly  impure,  and  frequently  gives  rise  to  malarious  fevers. 

13.  Water  from  graveyards. — These  waters  abound  in  nitrite  and 
nitrate  of  ammonia  and  lime,  with  sometimes  the  fatty  acids  and  much 
organic  matter. 

THE  ANALYSIS  OF  WATER. 

Collection  of  Samples. 

In  collecting  samples  of  water  for  analysis,  attention  is  most  par- 
ticularly requested  to  the  following  points. 

The  bottles  must  be  stoppered.  Those  knovra  as  Winchester 
quarts  are  most  convenient,  and  can  be  obtained  of  any  chemist  and 
druggist. 

They  must  be  most  thoroughly  and  effectually  cleaned.  Shot  must 
not  be  used  for  this  piu-pose.  They  should  be  rinsed  with  the  water 
that  is  being  collected  at  least  three  times  before  being  filled,  and 
should  then  be  filled  nearly,  but  not  quite,  up  to  the  stopper. 

The  following  quantities  are  required : — For  a  full  analysis  of  a 
water  supply — well-water  or  a  river- water,  two  Winchester  quarts  ;  for 
a  partial  analysis,  one  wiU  be  sufficient ;  for  sewage,  one  Winchester 
quart. 

In  collecting  fi-om  a  water  supply,  the  sample  should  be  obtained, 
if  possible,  directly  from  the  main.  If  taken  from  the  house-service 
tap,  it  should  be  allowed  to  run  freely  for  one  or  two  minutes  before 
bottlin?. 

In  obtaining  samples  from  a  river,  the  bottles  should  be  plunged 
into  the  water  as  far  as  possible  from  the  bank  (great  care  being  used 
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not  to  distiirb  the  mud),  their  mouths  heing  kept  weU  below  the  sur- 
face uutil  they  are  filled. 

In  collecting'  samples  of  the  water  of  rivers,  especially  those  into 
which  sewage  flows,  it  must  be  remembered  that  the  quality  and  con- 
dition will  be  found  to  vary  according  to  the  state  of  the  tide  and 
also  to  the  seasons  of  the  year.  These  differences  are  well  exemplified 
in  the  case  of  Thames  water,  the  amoimt  of  suspended  and  omanic 
impimties  being  by  fai-  the  gi-eatest  in  this  at  low  water,  and  also  in 
winter,  because  at  that  season  of  the  yeaj  theoi-ganic  matter  is  washed 
out  by  the  rams  and  floods  from  the  lands  bordering  on  the  river  as 
well  as  for  the  further  reason,  that  during  the  winter  the  purification 
eflected  by  oxidation  and  by  the  gi-owth  of  aquatic  plants  is  far  less 
active  than  m  the  warm  weather  of  simimer 

&z.^<7.  should,  if  possible,  be  collected  thus  .—A  common  pint 
potM  should  be  talcen  as  often  as  possible  during  the  day,  and  poured 
into  a  large  clean  jar ;  at  the  end  of  the  day  this  should  he  thorouo-hly 
weU  shaken,  and  the  sample  bottle  filled  from  it.  A  fair  daily  average 
ol  the  sewage  is  thug  obtained.  ^  vciogo 

In  cases  reqiuring  exti-eme  accuracy  the  daily  flow  of  the  sewao-e 
should  be  gauged,  and  an-angements  made  for  securing  continuous 
daily  samples.  °  i^uxiLiuuuua 

Microscopical  examination  of  ivater. -The  same  quantities  of 
water  wiU  serve  for  the  microscopical  examination  as Vll  as  the 
chemical  analysis ;  both  the  clear  water  and  any  sediment  which  may 
be  found  m  It  after  it  has  stood  at  rest  for  some  hours,  shoukrbe 
exammed  with  the  microscope  in  the  usual  manner  on  slL  of  Ls 
w  h  thin  glass  covers  over  the  preparation.  For  the  clear  water' 
ceUs  may  be  used  m  order  to  obtain  a  greater  depth.  TheTedi- 
ment  may  be  best  obtained  from  the  bottom  of  the  bottle  by  means 
of  a  pipette,  one  or  two  di-ops  only  being  then  removed  for  examina- 

Frequently,  the  physical  characters  of  a  water  and  simple  qualita- 
tive tests  are  sufiicient  to  enable  one  to  judge  of  its  quality!^  ^ 
nf  ^-^-^ff "''^^•s  and  appearance.~The  colour  and  clearness 
t  tilt  '  ^'•ffi^st  ascertained  by  observing  it  in  a  layer  2  or  3  feet 
in  thickness  by  filhng  a  wide  glass  tube:  closed  at  one  end,  with 
the  water  to  be  examined,  and  by  looking  in  the  direction  of  the 
a_xis  through  the  stratiun  of  water.    In  this°way  even  the  Tnutest 

be  perceptible  Pure  waters  are  nearly  always  perfectly  clear  and 
colourless,  while  contaminated  waters,  especially  if  the  contamTnatbn 
he  ecent,  show  frequently  a  strongl^  y^ellowish  colour  S  fom- 
panson  a  second  tube  may  be  filled  with  distilled  watei-  or  a  waterTf 
S;rradng^~  -P-^^^  maWlsTrity 

The  smell  of  the  water  may  either  be  observed  after  violently 
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shaldn^  a  piut  or  more  of  the  water  in  a  flask  to  liberate  the  dissolved 
gases,  or  after  gently  heating  the  sample.  Good  waters  never  emit 
any  smell,  whilst  samples  exhibiting  any  foul  odour  are  to  he  rejected 
as  unfit  for  vise. 

Next,  taste  some  of  the  water,  if  possible  freshly  di'awn  from  the 
well.  Large  quantities  of  dissolved  mineral  constituents,  especially 
chloride  of  sodium  or  common  salt  and  iron,  are  readily  detected.  But  it 
must  be  borne  inmind  thatnot  imii'equently highly impm-e  waters  appear 
to  possess  a  most  agreeable  and  refi-esliing  taste,  whilst,  as  well  known, 
pure  distilled  water  is  unpalatable  for  drinldng  on  account  of  its  flat- 
ness. It  is  chiefly  the  carbonic  acid  and  oxygen  which  render  a  water 
refi'eshing,  as  is  shown  by  the  fact  that  distilled  water  exposed  for 
some  time  to  the  air  loses  most  of  its  flatness  and  insipidity. 

Lastly,  if  the  residue  left  on  the  evaporation  of  a  water  turns  hrown 
or  hlack  on  being  heated,  evidence  is  afforded  of  the  presence  of  an 
excess  of  organic  matter. 

11.  Qualitative  chemical  tests. — The  reaction  of  the  water  may  first  be 
ascertained  by  means  of  litmus  or  tm-meiic  paper.  But,  owing  to  the 
presence  of  free  carbonic  acid,  di'inking  waters  are  mostly  either  neutral 
or  slightly  acid.  After  the  removal  of  the  carbonic  acid,  however,  by 
heating  the  water,  the  true  reaction  will  manifest  itself.  If,  on  the  addi- 
tion of  a  few  di'ops  of  an  ammoniacal  solution  of  oxalate  of  ammonia, 
a  white  turbidity  make  its  appearance,  the  presence  of  lime  is  proved. 
Although  lime  is  rarely  absent  from  any  diinking  water,  the  quantity 
present  should  be  very  small ;  and  if  therefore  a  strong  white  precipitate 
be  thrown  down  by  the  above  re-agent,  the  water  must  be  pronounced  to 
contain  more  lime  in  solution  than  is  desirable,  especially  for  x^'ashing 
purposes,  for  soap  is  decomposed  by  salts  of  lime  and  magnesia, 
insoluble  stearate  and  oleate  of  lime  and  magnesia  being  the  results, 
and  thus  large  quantities  of  soap  are  actually  lost,  as  has  been  more 
fully  shown  elsewhere. 

Another  small  quantity  of  the  water  is  to  be  boiled  for  half  an 
hour  in  a  glass  flask.  If  it'become  turbid,  the  presence  of  carbonate  of 
lime  or  magnesia  is  shown,  which  was  held  in  solution  by  the  carbonic 
acid  removed  by  boiling.  This  i^  in  so  far  in  favour-  of  the  water  as 
regards  washing  pm-pbses,  as  by  simply  boiling  it  a  part  of  the 
hardness  may  be  removed,  which  pm-pose  may  also  be  eflected  by 
Clarke's  softening  process. 

If,  on  the  addition  of  a  drop  of  a  solution  contammg  ferrocyamde 
and  ferricyanide  of  potassium  and  piu-e  hydi-ochloric  acid,  a  blue 
coloration  or  precipitate  ensues,  the  presence  of  iron  is  proved. 
Traces  of  iron  are  found  in  most  waters,  but  larger  quantities  are 
objectionable. 

Nessler's  reagent  is  added  to  another  portion  of  the  sample  con- 
tained in  a  glass  cvlinder  or  test-tube.  A.brownish-yellow  coloration 
or  precipitation  indicates  the  presence  in  the  water  of  ammonia ;  if 
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the  water  tecome  decidedly  colom-ed,  it  is  to  be  regarded  as  unfit  for 
drinking,  or  at  least  in  a  very  suspicious  condition. 

Anotller  test  frequently  employed  with  a  view  to  determine  the 
quality  of  a  water  is  the  permanganate  test ;  but  this,  as  we  shall  now 
see,  is  very  um-eliable. 

On  the  dcnujer  of  reliance  on  the  2}erma7iffnnate  test. — This  test  as 
IS  well  known,  acts  by  oxidation ;  that  is,  the  permanganic  acid,  rich 
m  oxygen,  gives  up  its  oxygen  to  many  substances,  such  as  the 
albuminoid  organic  matter  present,  in  very  variable  quantities,  in 
nearly  aU  waters  ;  to  niteous  acid,  also  commonly  contained  in  water 
and  even  to  protoxide  of  iron,  not  unfrequently  present  in  drinking 
water  m  smaU  amount  and  in  the  combined  state.  Nitric  acid,  like- 
wise constantly  found  in  impm-e  waters  in  laige  amoimt,  beino-  an  acid 
in  the  highest  degree  of  oxidation  of  which  it  is  susceptible,  is  unaffected 
by  the  permanganate,  so  that  this  test  gives  no  indication  of  the  pre- 
sence of  that  acid;  besides  which,  there  is  no  possibiUty,  by  means 
ot  this  test,  of  distinguishing  between  tlie  hm-tful  and  dano-erous 
organic  matter  and  the  comparatively  harmless  nitrous  acid  or  iran-  in 
lact,  the  rule  m  using  this  test  is  to  calculate  aH  the  oxygen  abstracted 
trom  the  permanganate  into  albimiinoid  matter. 

_  Now  let  us  see  more  precisely  in  what  way  this  test  fatally  misleads 
m  many  cases.  •' 

A  water  analysed  in  the  author's  laboratoiy  tiirnished  the  subioined 
results  per  70,000  grains : —  j 


Total  solids. 

Nitrogen,  aa 

nitrates 
and  nitrites. 

Equal 
to  nitric  acid. 

Organic 
nitrogen  from 
albuminoid 
anunonia. 

Equal  to 
albuminoid 
organic 
matter. 

Oxygen 
required  by 
organic  matter, 
nitrites,  &c. 

120-8 

2-30 

8-87 

0-011 

0-14 

0-62 

Isow,  It  will  be  observed  that  the  albuminoid  organic  matter— the 
really  important  element  in  potable  waters-is,  in  this  case,  very  small, 
and  yet  a  very  large  quantity  of  the  permanganate  was  destroyed  bv 
the  nitrous  acid,  which  was  present  in  large  quantity :  therefore  had 
only  this  test  been  relied  upon,  and  had  the  oxygen  been  mvjtipl  ed  by 
8,  as  the  rule  is,  it  would  have  given  4-16  grains  of  albmninoidoroanic 
t  tT  tl^"^       ^-ter  woJ&l  be 

r^^y  the  case  ^^"^  dangerous  state,  than  wa^, 

The  following  instance  is  still  more  instructive.  The  water  was 
sent,  accompanied  by  the  intimation  that  the  party  sendin  '  irbelieTed 
It  was  a  good  water,  as  it  had  no  action  on  the  peimanganate  test  but 
that,  smce  a  medical  gentleman  in  the  town  had  declar^ed It  tole  bad 
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it  was  deemed  advisable  to  have  a  second  opinion.  On  analysis,  tlie 
results  obtained  were  as  follow : — 


Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Equal 
to  nitric  acid. 

Organic 
nitrogen  from 
albuminoid 
ammonia. 

Equal  to 
albtmiinoid 
organic 
matter. 

Oxygen 
required  by 
organic 
matter. 

58-10 

3-18 

11-55 

0-006 

0-07 

None. 

The  parties,  therefore,  who  sent  the  water  were  quite  correct  in 
stating  that  it  had  no,  or  only  a  very  trifling,  action  on  the  per- 
manganate ;  but  the  inference  that  it  was  a  good  and  safe  water  to 
use  was  fallacious  and  dangerous,  for  this  water  contained  over  11^ 
gi'aius  of  nitric  acid ;  thus  showing  that  it  was  subject  to  extensive 
pollution,  though  at  the  time  of  the  examination  nearlj'  all  the  nitrogen 
was  converted  into  nitric  acid.  But  this  process  might  not,  from 
various  circumstances,  be  always  thus  perfectly  performed,  and  then 
the  water  might  become  deleterious  and  productive  of  disease.  Here, 
then,  we  have  a  strilring  illustration  of  probable  danger  in  the  use  of 
this  test ;  and,  since  any  mistake  of  this  kind  might  involve  health, 
and  even  life,  it  is  manifestly  wrong  to  place  any  reliance  on  this  single 
test,  uncontrolled  by  other  results. 

A  third  case,  in  which  reliance  on  this  test  would  have  seriously 
misled,  is  the  following.  This  water,  on  analysis,  gave  the  subjoined 
results : — 


Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Equal 
to  nitric  acid. 

Organic 
nitrogen  from 
albuminoid 
ammonia. 

Equal  to 
albuminoid 
matter. 

Oxygen 
required  by 
organic 
matter. 

121-^0 

5-27 

20-32 

0-024 

0-30 

0-061 

In  this  sample  the  mineral  constituents  amounted  to  no  less  than 
121  grains,  and  the  nitric  acid  to  over  20  gi-ains  per  gallon  :  and  yet 
only  a  very  minute  quantity  of  the  permanganate  solution  was  de- 
colorised. 


Lastly,  a  foiu-th  water  on  analysis  was  found  to  furnish  the  follow- 
ing results ; — 


Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Organic 
nitrogen  from 
albuminoid 
ammouia. 

Equal  to 
albimiinoid 
matter. 

Protoxide  of 
iron. 

Oxygen 
required  by 
organic  matter 
and  oxide  of 
iron. 

23-00 

None. 

0-01 

0-12 

0-39 

0-095 
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In  this  case  the  qimntity  of  albuminoid  matter  was  small,  yet 
a  relatively  very  large  quantity  of  the  solution  vs^as  decolorised, 
owing  to  "the  presence  of  the  protosalt  of  iron.  This  water,  really 
very  pure,  would,  therefore,  have  been  condemned  by  any  person  not 
expenenced  in  such  matters,  using  this  test. 

_  III.  Qiimititatwe  analysis. — The  quality  of  a  water  for  either 
drmldng,  cooking,  or  washing  pMposes,  depends  chiefly  upon  two 
classes  of  constituents— organic  matter  of  vegetable  and  animal 
origin,  non-nitrogenous,  nitrogenous  and  mineral  matter.  But  even 
highly  impure  water  contains  only  a  few  hundi-edths  per  cent,  of  solid 
matter  in  solution,  so  that  the  quantities  the  chemist  has  to  deal  with 
ai'e  usually  extremely  minute,  especially  as  regards  organic  matter. 
Many  methods  have  been  proposed  for  the  estimation  of  this  latter, 
but  even  at  the  present  time  the  problem  cannot  be  considered  to  be 
perfectly  solved,  although  much  has  been  achieved  in  that  direction 
and  many  valuable  results  have  been  obtained. 

The  organic  niti-ogenous  matter  changes  under  the  influence  of  the 
oxygen  of  the  au-  into  nitric  acid.  We  have,  therefore,  not  only  to  dii-ect 
oiu-  attention  to  the  estimation  of  the  organic  matter  present  in  the  water, 
but  also  to  that  part,  which  has  been  oxidised,  to  the  nitric  acid,  which 
gives  therefore  the  indication  of  what  has  been  called  '  previous  sewaD^e 
contamination.'  But  nitric  acid  in  water  may  be  derived  from  another 
and  totally  different  soiu-ce— from  the  atmosphere.  Wherever  evapo- 
ration is  going  on,  on  a  large  or  small  scale,  nitrite  and  nitrate  of 
ammonia  is  formed,  which  salts  are,  therefore,  always  contained  in  the 
atmosphere,  from  which  they  are  washed  out  by  rain  in  its  descent  to 
the  earth.  Ram-water,  therefore,  contains  nitric  acid  and  ammonia,  as 
has  been  before  shown;  these  substances,  however,  not  amountino- 
accordmg  to  Frankland,  to  more  than  0-024  nitrogen  for  the  nitric  acfd 
and  0-008  for  the  ammgnia,  equal  to  0-032  in  100,000  parts  of  water. 
Ihis  quantity  of  mtrogen,  when  found  in  a  drinking  water,  mio-ht 
therefore  be  derived  from  the  atmosphere,  but  any  larger  amount 
must  be  due  to  contamination  with  animal  matter. 

Estimation  of  the  organic  matter.— T^o  processes  are  at  present 
employed  m  this  countiy  for  estimating  the  organic  matter  in  water- 
the  one,  devised  by  Mr.  Wanklyn,  founded  upon  the  fact  that  these 
substances  give  up  their  nitrogen  in  the  form  of  ammonia  by  the  action 
ot  a  boiling  alkaline  solution  of  permanganate  of  potash :  the  other 
attempts  a  direct  estimation  of  the  nitrogen  and  carbon  bv  heatin"- 
the  residue  obtained  by  evaporation  of  the  water  with  oxide  of  copper 
and  collecting  and  measiu-ing  the  gases  produced— chiefly  nitroo-en 
and  carbonic  acid— this  latter .  method  was  devised  by  Professor 
Jn-anldand.  Besides  these  two  methods  several  others  exist  but  as 
they  are  yeiy  imperf"ect  and  superseded  by  the  two  just  pointed  out 
we  think  it  unnecessary  to  describe  them.  ' 


74 


WATER  AND  ITS  IMPDEITIES. 


AMMONIA  METHOD  OF  WATER  ANAXYSI8. 

Hequirements  of  the  method.  1.  Nessler''s  Reagent. — 'Dissolve 
35  grammes  of  iodide  of  potassium  iu  a  small  quantity  of  distilled 
water,  aud  add  to  it  a  strong  aqueous  solution  of  bichloride  of  mercury 
(corrosive  sublimate),  whicb  wiU  cause  a  red  precipitate  that  disappears 
on  shaking  up  the  mixtiu-e.  Add  the  solution  of  bichloride  of  mercury 
carefully,  shaking  up  as  that  liquid  is  added,  so  as  to  dissolve  the  pre- 
cipitate as  fast  as  it  is  formed.  After  continuing  the  addition  of  bi- 
chloride of  mercury  for  some  time,  a  point  will  ultimately  be  reached 
at  which  the  precipitate  wiU  cease  to  dissolve.  When  the  precipitate 
begins  to  be  insoluble  in  the  liquid,  stop  the  addition  of  bichloride  of 
mercury.  Filter.  Add  to  the  filtrate  120  gi-ammes  of  caustic  soda  in 
strong  aqueous  solution  (or  about  160  gi-ammes  of  potash). 

'  After  adding  the  solution  of  alkali  as  just  described,  dilute  the 
liquid  so  as  to  make  its  volume  equal  to  one  litre.  Add  to  it  5  cc.  of 
a  satiu'ated  aqueous  solution  of  bichloride  of  mercury.  Allow  to  sub- 
side, and  decant  the  clear  liquid,  which  is  the  Nessler  Reagent.' 

We  have  given  the  preparation  of  this  liquid  in  Wanklyu's  own 
words,  since  it  is  the  basis  of  the  whole  method.  The  reagent  improves 
by  age,  so  that  it  is  advisable  to  make  a  large  quantity,  say  one  litre, 
at  once.  On  exposiu-e  to  the  air  it  becomes  tm-bid ;  it  should  be  kept, 
therefore,  in  a  well-stoppered  bottle.  With  ammonia,  or  salts  of 
ammonia,  this  liquid  forms  a  brown  precipitate,  or,  if  only  very  little 
ammonia  be  present,  a  yellowish-brown  coloration.  The  delicacy  of 
this  reaction  is  extreme,  since  it  is  not  dilEcult  to  recognise  of  a 
milligramme  of  ammonia  in  100  cc.  of  water,  or  equal  to  2-5  parts  in 
10,000,000.  The  depth  of  colom-  varies  with  the  quantity  of  ammonia 
present. 

2.  A  standard  solution  of  ammonia. — This  is  made  by  dissolving^ 
0-3882  grammes  of  sulphate,  or  0-315  grammes  of  pure  chloride  of 
ammonium,  in  one  litre  of  perfectly  pure  distilled  water :  1  cc.  of  this 
solution  contains  milligramme  of  NHg.  A  second  ten  times  weaker 
solution  is  prepared  by  diluting  100  cc.  of  this  liquid  with  900  cc.  of 
pure  distilled  water,  1  cc.  of  this  solution  containing,  therefore,  miUi- 
gTamme  of  NHg. 

3.  Pure  distilled  water,  or  water  free  from  ammonia,  is  prepared  by 
distilling  water  as  rapidly  as  possible.  The  first  quantity  which  passes 
over  contains  ammonia,  the  amoimt  of  which,  however,  decreases  as 
the  distillation  progresses,  and  aft6r  a  short  time  the  water,  tested 
with  Nessler's  Reagent  in  a  test-tube  or  glass  cylinder,  will  be  found 
to  be  perfectly  free  from  ammonia. 

4.  A  saturated  solution  of  carbonate  of  soda  is  prepared  in  the  follow- 
ing way :— Anhydrous  carbonate  of  soda,  or  bicarbonate  of  soda  (which 
is  easier  to  obtain  in  a  dry  state),  is  heated  in  a  platinum  basin  to  a 
red  heat  for  about  twenty  minutes,  and  then  dissolved  while  still  hot 
in  pure  distilled  water. 
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5.  An  alkaline  solution  of  permanganate  of  potash. — Dissolve  200 
grammes  of  caustic  potash  and  8  gi-ammes  of  crvstallized  permanganate 
of  potash  in  one  litre  of  water,  and  boil  the  solution  for  at  least  one 
hour,  to  expel  any  ammonia. 

It  is  not  possible  to  bestow  too  much  care  upon  the  preparation  of 
these  liquids,  and  upon  the  cleaning  of  the  vessels  used.  As  we  have 
said,  the  Nessler's  Eeagent  is  extremely  delicate;  each  trace  of 
ammonia  gives  a  yellow  coloration  with  it— in  fact,  it  is  the  most 
sensitive  of  all  reagents  known.  The  utmost  cleanliness  is  to  be 
observed;  bottles  containing  ammonia  should  not  be  opened  before 
or  diu-ing  the  operation,  and  the  apparatus  used  should  be  protected 
from  dust  dming  distillation. 

_   A  retort  capable  of  holding  1,500  cc.  when  in  position  for  distilla- 
tion, with  well-fitting  glass  stopper,  is  connected  with  a  Liebig's  con- 
denser by  a  piece  of  indiarubber  tubing ;  about  600  cc.  of  pure  distilled 
water  are  then  inti-oduced,  and  heated  to  boiling  by  a  gas  or  spirit 
lamp.    The  steam  which  is  produced  cleans  the  apparatus  much  more 
ettectually  than  could  be  done  by  any  other  means.    The  condenser  is 
kept  empty  at  fii-st,  till  the  steam  has  heated  it  thoroughly,  and 
then  filled  with  cold  water.     The  condensed  water  is  tested  for 
animonia,  and  the  distillation  continued  till  no  further  trace  of  that 
substance  can  be  discovered.     15  cc.  of  the  saturated  solution  of 
carbonate  of  soda  are  then  introduced  and  boiled  with  the  water 
ihe  distiUafe  is  to  be  tested  again.    It  should  be  free  from  ammonia 
thus  proving  that  the  solution  of  carbonate  of  soda  is  pure.    If  not  this 
solution  IS  to  be  boiled  for  an  hour.    If  then  found  pm-e,  50  cc.  of  the 
solution  of  permanganate  of  potash  are  measm-ed  into  the  retort,  and 
tested  for  ammonia  in  the  same  way.    All  reagents  must  be  free  from 
even  a  trace  of  that  substance. 

If  all  be  in  right  condition,  the  estimation  of  ammonia  in  the  water 
to  be  analysed  may  be  proceeded  with. 

_  Estimation  of  free  ammonia.~mQ  cc.  of  the  water  are  measured 
into  the  carefidly-cleaned  retort;  15  cc.'of  the  carbonate  of  soda  solu- 
tion are  then  added,  and  the  mixture,  which  commonly  tm-ns  turbid 
caused  by  the  precipitation  of  the  salts  of  lime  and  magnesia  contained 
m  the  water,  distilled  tiU  the  last  60  cc.  of  the  distillate  contain.no 
more  ammoma-/.e.,  tUl  Nessler's  Eeagent  fails  to  produce  thesUo-htest 
vellowish  tinge  with  the  distillate.  It  is  commonlv  sufficient  to^distil 
irom  ioO  to  200  cc— in  most  cases  less  will  be  enough ;  and  it  is  onlv 
m  very  bad  water  that  the  distillate  contains,  even  after  that  more 
ammonia.  ' 

The  distiUate  is  to  be  transferred  to  cylinders  holding  about 
110  cc,  graduated  at  100  cc.  ;  100  cc.  of  the  distillate:  which 
now   contains  all   free    ammonia,   are  used,    and   1^  or   2  cc 
ot  Nesslers  Reagent  added  to  it.    The  colour  is  to  be  observed  and 

JonTnfn  "'T  '°  '^'■''^''''^  '°l'^tion  of  ammonia  which 

contains  m  1  cc.      milligramme,  i§  to  be  filled  into  another  similar 
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cylinder  as  may  be  thoug-ht  necessary  to  produce  the  same  depth  of 
coloration  Avith  Nessler's  Reagent  if  diluted  with  distilled  water  to 
100  cc.  Both  liquids  are  allowed  to  stand  for  at  least  ten  minutes, 
and  then  the  colour  is  observed.  If  the  coloration  of  both  liquids  be 
equal,  both  contain  the  same  amount  of  ammonia.  The  quantity  of 
the  volatile  alkali  contained  in  the  one  cylinder  is  Imown,  since  a 
measvu'ed  quantity  of  standard  ammonia  solution  has  been  introduced. 
The  amount  of  ammonia  contained  in  100  cc.  of  the  distillate  must  be 
equal  to  this  added  amount.  If,  on  the  other  hand,  the  coloration  of 
the  two  liquids  be  different,  a  third  cylinder  is  to  be  filled  with  the 
pure  distilled  water,  a  smaller  or  larger  amount  of  standard  solution 
than  at  the  first  experiment  being  added,  and  1^  cc.  of  Nessler  test, 
and  after  another  ten  minutes  the  colour  is  again  observed.  \^'ith  a 
little  practice  it  is  easy  to  judge  with  considerable  accMacy  how  much 
of  the  standard  solution  is  to  be  used.  An  example  will  illustrate  this 
description. 

500  cc.  of  water  have  been  subjected  to  distillation.  200  cc.  of  dis- 
tillate contained  all  the  free  ammonia.  100  cc.  of  this  distillate  were 
filled  into  the  cylinder,  and  1 cc.  Nessler  test  added.  3--^  cc.  of  standard 
ammonia  solution  dropped  into  a  second  cylinder,  diluted  with  100  cc. 
of  pure  water,  gave  with  Nessler  test  too  light  a  coloration.  It  is  not 
advisable  to  add  more  of  the  standard  solution  to  the  liquid,  since  it 
always  turns  tm-bid  if  the  Nessler  test  be  added  before  the  ammonia. 
Into  a  thii'd  cjdinder  3'8  cc.  were  filled  and  tested  as  before ;  colora- 
tions equal.  100  cc.  of  the  distillate  contain,  therefore,  so  much  of  free 
ammonia  as  are  contained  in  3'8  cc.  of  standard  solution — namely, 
0'000038  grammes.  The  total  distillate  (200  cc.)  contains,  therefore, 
0*000076  NH,,  or,  what  is  the  same,  500  cc.  of  the  original  water  con- 
tained 0-000076  of  ammonia.  100,000  parts  of  water  contain,  there- 
fore, 0'0152  parts  of  free  ammonia. 

Estimation  of  albuminoid  matter. — The  residue  in  the  retort,  fi-om 
which  all  free  ammonia  has  been  expelled,  contains  unaltered  the  albu- 
minous organic  matter.  60  cc.  of  the  alkaline  solution  of  permanganate 
are  added  to  it,  and  the  mixture  distilled  as  before.  The  nitrogen  of 
the  organic  matter  is  liberated  dm-ing  the  distillation  as  ammonia, 
passes  thi'ough  the  condenser,  and  is  collected  and  estimated  exactly  as 
the  'free  anmionia.'  Much  has  been  said  for  and  against  this  pro- 
cess. Wanklyn  himself  admits  that  the  whole  of  the  nitrofren  is  not 
obtained  by  this  method.  We  shall  consider  below  the  merits  and  the 
defects  of  the  process. 

In  the  case  of  bad  waters  the  inner  sm-face  of  the  retort  is  covered 
with  a  thin  film  of  dioxide  of  manganese,  which  causes  the  liquid^  to 
boil  very  irregidarly,  to  bump  with  great  force,  and  rise  even  so  high 
as  to  coloiu-  the  distillate  red,  which  is  then  to  be  poured  back  into 
the  retort.  A  few  pieces  of  tobacco-pipe,  heated  previously  to  de,stroy 
any  organic  matter  and  remove  any  ammonia  which  might  ba  present, 
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put  into  the  retort,  prevent  by  their  constant  movement  the  fomation 
of  this  film,  and  consequently  the  rising-  of  the  liquid. 

Estimation  of  nitroc/en  as  nitrates  and  nitrites.  —  A  great  many 
methods  for  the  estimation  of  nitrates  have  been  proposed.  Those 
generally  employed  in  this  country  are,  however,  only  two — Schulze's 
as  modified  hy  Chapman,  and  brum's,  as  modified  by  Frankland.' 
We  shall  consider  this  latter  one  under  '  Prankland's  Method  of  Water 
Analysis.'    Chapman  describes  his  process  as  follows:— '100  cc.  of 
the  water  are  introduced  into  a  non-tubulated  retort,  and  60  to  70  cc. 
of  a  solution  of  caustic  soda  added.    The  caustic  soda  must  be  free 
from  nitrates,  and  the  sti-ength  of  the  solution  should  be  such  that  1 
litre  contains  100  gi'ammes  of  caustic  soda.     The  contents  of  the 
retort  are  to  be  distilled  imtil  they  do  not  exceed  100  cc,  and  until 
no  more  ammonia  comes  over ;  that  is,  until  Nessler's  test  is  incapable 
of  detecting  ammonia  in  the  distillate.    The  retort  is  now  cooled  and 
a  piece  of  aluminiimi  inti-oduced  into  it  (foil  will  answer  very' well 
with  dilute  solutions,  but  we  much  prefer  thin  sheet  aliuniniiuu  in  aU 
cases).  The  neck  of  the  retort  is  now  inclined  a  little  upwards,  and  its 
mouth  closed  with  a  cork,  thi'ough  which  passes  the  narrow  end  of  a 
small  tube  filled  with  broken-up  tobacco-pipe,  wet  either  with  water 
or  better,  with  very  dilute  hydrochloric  acid  free  from  ammonia.  This 
tube  need  not  be  more  than  an  inch  and  a  half  long,  nor  lono-er  than  a 
goose  quill.    It  is  connected  with  a  second  tube  containino-  pumice 
stone  moistened  with  strong  sidphuiic  acid.    This  last  tube'^serves  to 
prevent  any  ammoma  fi-om  the  air  entering  the  apparatus,  which  is 
aUowed  to  stand  m  this  way  for  a  few  hours  or  over-nio-ht.    The  con- 
tents of  the  pipe-clay  tube  are  now  washed  into  the  retort,  with  a  little 
distilled  water  free  fi-om  ammonia  (about  70  to  80  cc). 

We  have  now  a  strongly  aUiaUne  liquid,  which  contains  all  nitroo-en 
derived  from  the  niti-ates  and  nitrites  in  the  form  of  ammonia  It  is 
distilled,  and  in  the  distillate  the  ammonia  estimated  as  'free  ammonia  ' 
It  IS  advisable  to  fiU  into  the  receiver  about  150  to  200  cc  of  pure 
distilled  water,  and  to  let  the  tube  of  the  Liebig  condenser  dip  under 
the  surface  of  the  water,  so  as  to  avoid  any  loss  of  ammonia 

Seventeen  parts  of  ammonia  are  equal  to  63  pai-ts  of  nitric  acid 

(tliNUg). 

FranhlancCs  Method  of  Water  Analysis. 

As-  already  mentioned,  this  method  is  based  upon  the  principle 
that  when  the  residue  on  evaporation  of  the  water  is  bui-ned  with 
oxide  ot  copper,  nitrogen  and  carbonic  acid  are  eliminated  from  the 
organic  matter,  and  are  then  collected  and  measured. 

One  litre  of  the  water  is  to  be  taken  and  boiled  for  two  minutes  in 
a  riass  flask  after  30  cc.  of  a  concenti-ated  solution  of  pm-e  sulphurous 
acid  have  been  added.  The  addition  of  sulphurous  acid  serves  a  two- 
lold  purpose— for  decomposing  the  carbonates  naturally  contained  in 
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Sprekgel'3  Mercury  Am-PuMP. 
„  combustion  tube ;  B,  tube  for  collecting  the  gases  produced  by  combustion. 
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organic 
with  the  nitrogen  of 


the 


metallic 
nitiic  acid, 
copper  used 


carbonic  acid  of  the  carhonates  would  be  found  with  the 
cai'bou  and  the  nitrogen  of  the  nitric  acid 
organic  matter. 

The  water  is  then  evaporated  with  the  addition  of  about  0-2 
gi-amme  of  sulphate  of  soda,  and  a  few  drops  of  fenic  chloride  •  the 
former  for  neutralising:  any  sulphm-ic  acid  formed  durino-  evapo- 
ration by  oxidation  of  the  sulphurous  acid,  the  latter  for  iusurino'  the 
completest  possible  decomposition  of  the  nitric  acid.  Half-spheric  gla«s 
basins,  capable  of  holding  about  100  cc,  are  employed  for  the  evapo- 
ration of  the  water  on  a  water  or  steam  bath.  Glass  shades,  such  as 
are  used  for  covering  ornaments,  are  placed  over  the  basins,  so  as 
to  prevent  any  ammonia  or  atmospheric  dust  from  contaminatino-  the 
sample.  The  evaporation  is  rather  slow.  The  perfectly  dry  residue 
IS  now  mixed  with  oxide  of  copper  by  means  uf  a  flexible  steel 
spatula,  and  filled  into  a  strong  combustion  tube,  fused  round 
on  one  end.  The  oxide  of  copper  must  be  prepared  by  heatino- 
copper  m  the  air,  and  not  by  oxidising  it  by  means  of 
and  then  heating  it  to  redness,  as  the  oxide  of 
_  _  for  organic  analysis  is  usually  prepared, 

since  m  the  latter  case  it  is  impossible  even  by  repeated  I'ig.  16. 
heating  to  get  rid  of  all  nitric  acid.  The  combustion 
tube  IS  nearly  filled  with  the  oxide,  and  a  spiral  of 
metallic  copper  is  inserted  in  the  end  of  the  tube,  so  as 
to  touch  the  oxide.  The  glass  tube  is  then  drawn  out 
over  the  blowpipe,  and  the  air  contained  in  it  is  per- 
fectly exhausted  by  means  of  a  Sprengel  mercury  air- 
pump,  as  shown  in  fig.  15. 

The  tube  containing  the  water  residue  is  then  heated 
as  m  an  ordinary  cyganic  combustion  in  a  combustion 
furnace,  and  as  soon  as  the  whole  tube  is  red  hot,  the 
an--pump  is  set  in  action,  and  the  produced  gases'  are 
received  in  a  test-tube,  from  whence  they  are  removed 
into  the  apparatus  constructed  by  Professor  Trankland 
and  delineated  in  fig.  17. 

The  following  different  gases  are  the  product  of  the 
combustion : — 

Sulphurous  acid,  produced  from  the  sulphite  of 
soda. 

Carbonic  acid,  from  the  carbon  of  the  ore-anic 
^  matter.  ^ 

H         Nitric  oxide  1  ~_  ^, 
■        Nitrogen       )         ™®  nitrogenous  matter, 

B         Carbonic  oxide. 

IP  on.  ^^^^^^>  ™         cases,  if  no  nitric  oxide  be  present 

ihe  sulphurous  acid  is  first  removed  by  means  of  a  solution  of 
bichromate  of  potash,  whereby  it  is  oxidised  to  sulphuric  acid  The 
residual  gases  are  now  accurately  measured  («).  fhe  carbonic  acid 
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is  then  absorlied  by  a  strong  solution  of  caustic  potash  and  the 
gases  are  measured  again  (&).  Some  pyrogallic  acid  is  now  introduced 
into  the  apparatus  for  the  absorption  of  oxygen,  if  any  be  present.  We 
call  the  residual  mixture  (c).  If  no  oxygen  be  found— i.e.,  if  h  =  c 
—some  bubbles  of  pure  oxvgen  are  added  to  the  mixture.  They  con- 
vert the  nitric  oxide  preseiot  into  nitric  tetroxide,  which  is  absorbed 
with  the  excess  of  oxygen,  by  the  alkaline  solution  of  the  pjTogallic 

acid.  . 

From  the  residue  (d)  consisting  of  nitrogen  and  perhaps  carbonic 
oxide,  this  latter  gas  is  absorbed  by  means  of  a  solution  of  cuprous 
chloride  and  the  niti-ogen  measured  _(e).  _ 

a  —  h  o-ives  the  voliune  of  cai'bonic  acid. 

c-(Z  represents  the  volume  of  nitric  oxide. 

d-e  gives  the  quantity  of  carbonic  oxide,  and 

e  the  quantity  of  nitrogen. 

The  carbon  contained  in  the  carbonic  acid  is  added  to  the  carbon 
of  the  carbonic  oxide,  gi\'ing  the  total  amount  of  carbon  in  one  litre  of 
the  water;  while  the  nitrogen  of  the  nitric  oxide,  added  to  the 
nitrogen,  found  as  such,  gives  the  total  amount  of  niti'ogen  m  the 

^^'^Se'veral^w'ank  exp'^rimeuts  with  pure  distilled  water  should  be 
made  ;  a  small  quantity  of  carbon  and  niti-ogen  will  always  be  found, 
which,  if  once  determined,  is  to  be  subtracted  in  aU  cases  from  the 
results  found  by  the  analysis  of  a  water.         .   .       ,    .  . , 

FranJdancTs  Method  for  estimating  the  mtnc  and  mtrous  actd.— 
A  measured  quantity  of  the  water  is  evaporated  to  a  small  bulk, 
and  the  chlorine  is  removed  fi-om  it  by  means  of  sulphate  of  silver. 
The  filti-ate  is  evaporated  to  a  few  di-ops  m  a  small  beaker,  and  t lien 
introduced  with  strong  sulphm-ic  acid  in  a  tube  closed  at  one  end  and 
filled  with  mercury  (fig.  16).  The  nitric  acid  acts  upon  the  mercury,  and 
soon  an  evolution  of  nitric  oxide  wiU  begin,_  which  is  much  aided  by 
violently  shaking  the  tube.  The  gas  evolved  is  transfeiTed  to  the  same  - 
apparatus  in  which  the  gases  obtained  from  the  combustion  of  the 
water  residue  were  measured,  and  calculated  for  nitrogen 

Comparison  hettoeen  Wanklyn's  and  Franklands  ilfe<Aorfs.-Each 
of  the  two  methods  for  determining  the  orgamc  matters  has  its  weak 
a  well  Is  its  strong  points.  While  AVanklyn's  method  can  be  com- 
pleTed  in  an  hour  or  two,  Frankland's  reqmres  at  least  two  days  for 
evaporation,  combustion,  and  measurement  of  the  gases  Pi-odu<=eJ.  In 
a  laboratory  where  many  water  analyses  are  to  be  made,  it  is  a 
gi-eat  inconvenience  to  have  an  evaporation  going  on  for  so  long  a  time, 
Ling  which  it  is  impossible,  even  with  the  nicst  scrupulous  caie, 
to  avoid  contamination  with  organic  dust  or  with  ammonia.  And 
if  afler  so  much  tiouble  a  combustion  tube  breaks,  as  may  easily 
happen  the  tube  being  exhausted,  the  day  s  work  is  lost. 

The  tiSe  required  for  the  evaporation  of  the  water  can  now  however 
be  very  much  shortened  by  the  adoption  of  a  contnvance  proposed  by 
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G.  Biscliof.  The  water  is  contained  in  a  g^lass  balloon,  in  the  neck  of 
which  is  accurately  ground  a  bent  tube  ;  the  balloon  is  inverted  over 
the  dish  in  which  the  water  is  to  be  evaporated,  and  thus  the  water  re- 
moved by  evaporation  is  continually  replaced  until  the  whole  of  the 
litre  is  evaporated.    Thus  30  hours  are  sufficient  for  the  evaporation. 

Wanklyn's  method  may  be  finished  in  a  very  short  time,  and  may 
easily  be  repeated  in  case  of  an  accident.  It  requires,  moreover, 
nothing  but  a  retort  and  a  condenser ;  while,  on  the  other  hand, 
Franlvlaud's  apparatus,  with  its  30  to  40  lbs.  of  mercury,  involves  con- 
siderable cost.    So  much  as  to  cost  and  time. 

The  accuracy  of  the  methods  is,  of  course,  a  point  of  infinitely 
higher  importance.  Wanldyn  admits  that  boiling  with  an  aUialine 
permanganate  does  not  yield  the  whole  of  the  organic  nitrogen:  it 
does  not  even  yield  a  constant  fraction  of  it.  He  experimented 
upon  a  variety  of  substances,  and  found  very  considerable  variations  of 
the  percentages  of  nitrogen  obtained  from  various  nitrogenous  com- 
pounds. Thus,  albumen  gave  only  10  per  cent,  of  nitrogen,  whilst 
actually  it  contains  nearly  16,  and  casein,  with  the  same  amoimt  of 
nitrogen,  even  gave  as  little  as  7  "6  per  cent.  Wanldyn  proposes  to 
calculate  1  part  of  albiuuinoid  ammonia  as  10  parts  of  albuminoid 
matter,  but  even  thus  the  approximation  to  the  truth  can  only  be 
verv  slight.  Accurate  residts  cannot,  therefore,  be  expected  by  his 
method.  They  are  very  good,  however,  for  comparison.  A  bad  water 
will  appear  bad,  and  a  good  one  will  appear  good,  by  his  method, 
althoug-h  the  absolute  quantities  of  organic  matter  cannot  be  thus  deter- 
mined. Moreover,  no  idea  is  given  of  the  amount  of  carbon  present 
in  the  water,  also  a  point  of  the  highest  importance. 

Franldand's  method  has  a  real  scientific  basis  ;  it  is  good  and  sound 
in  principle,  which  Wauldyn's  is  not.  It  appears  a  very  easy  pro- 
ceeding to  evaporate  the  water  and  estimate  by  combustion  the  nitrogen 
and  carbon,  but  there  are  many  practical  difficulties.  As  already 
mentioned,  during  the  prolonged  evaporation  some  amount  of 
contamination  with  extraneous  organic  matter  cannot  be  prevented, 
especially  as  we  have  to  deal  only  -with  a  few  milligi-ammes  of  sub- 
stance. It  has  fui'ther  been  urged,  and  with  much  reason,  that  the  free 
sulphuric  acid  produced  dming  evaporation  acts  upon  the  organic 
matter,  partly  decomposing  it.  Frankland  himself  admits  contamina- 
tion of  the  water  during  evaporation  when  he  directs  that  several 
blank  experiments  should  be  made  by  the  analyst  and  the  average  of 
the  residts  obtained  subtracted  in  all  cases  from  the  results  of  every 
subsequent  analysis.  Frequently  this  correction  sm-passes  in  quan- 
tity the  amount  of  organic  matter  in  pure  waters.  In  the  latter  case 
only  a  few  huudreths  of  a  cubic  centimetre  of  nitrogen  are  obtained, 
which  cannot  possibly  be  measured  with  great  accm-acy. 

A  gi-eat  niunber  of  analyses  made  by  either  method  have  brought 
the  author  to  the  following  conclusions  :— 

In  all  cases,  where  only  the  quality  of  a  drinking  or  other  water  is 
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to  be  determined,  Wanklyn's  method  gives  satisfactory  results ;  in  those 
cases,  however,  where  the  quantity  of  organic  matter,  and  especially 
the  quantity  of  cnrhon,  is  required,  Franldand's  method  is  to  be  pre- 
ferred. This  latter  should,  a!.d  no  doubt  will,  supersede  the  perman- 
ganate process. 

Both  methods  for  the  estimation  of  nitric  acid  give  very  accurate 
results,  if  the  quantity  of  nitrates  present  be  but  moderate. 

All  the  apparatus  required  for  water  analysis  by  Franldand's 
method  may  be  obtained  of  Messrs.  Oetti,  Holborn. 


ESTIMATION  OF  THE  KraERAl  CONSTITTTENTS  0]?  "WATER. 

Detei-mination  of  the  total  solid  residue. — 300  to  500  cc.  of  the 
water  are  to  be"  evaporated  in  a  weighed  platinum  basin  on  the  water- 
bath,  and  the  residue  is  to  be  dried  in  the  aii'-bath  at  about  110°  0.  The 
result  is  to  be  calculated  for  100,000  of  water. 

The  weighed  residue  is  then  heated  over  the  open  flame,  and  it  is 
carefully  noted  whether  it  tm-ns  brown  or  black  on  igniting,  indicating 
the  presence  of  carbonaceous  matter.  The  loss  by  ignition  may  be 
determined,  but  it  gives  no  reliable  data  as  to  the  quantity  of  organic 
matter  present,  since  chloride  of  calciimi  retains,  when  dried  at  110°  C. 
a  not  inconsiderable  proportion  of  absorbed  water,  and,  fiu-ther,  since 
chloride  of  magnesium  is  decomposed  by  heating,  suffering  a  decrease 
of  weight  which  would  of  course  be  calculated  as  organic  matter. 

Estimation  of  chloi-ine. — Chlorine  may  be  estimated  either  gra-vi- 
metrically  or  volumetrically.  For  the  first  method  of  estimation 
600  to  1,000  cc.  are  evaporated  to  a  small  bulk,  and  the  chlorine  is  then 
precipitated  by  means  of  nitrate  of  silver.  The  chloride  of  silver  is 
filtered,  washed,  dried,  and  weighed.  100  parts  of  AgOl  contain 
24,724  parts  of  chlorine. 

For  the  volumetric  estimation,  a  solution  of  nitrate  of  silver  of 
known  strength  is  required.  It  is  prepared  by  dissolving  in  1  litre  of 
distilled  -water  0-479  gramme  of  pure  crystallised  nitrate  of  silver. 
1  cc.  of  this  solution  precipitates  0-0001  gramme  of  chlorine. 

100  cc.  of  the  water  are  measured  in  a  beaker,  2  or  3  drops  of  a 
saturated  solution  of  neutral  chromate  of  potassium  are  added,  and 
then  from  a  burette  the  standard  silver  solution  is  dropped  into  the 
yellow-coloured  water.  Each  drop  produces  a  brown  coloration, 
which  at  first  rapidly  disappears.  Soon,  however,  this  coloration 
becomes  permanent  and  the  number  of  cc.  of  silver  solution  used  is 
noted,  and  fi-om  it  the  quantity  of  chlorine  is  calculated. 

The  principle  upon  which  this  method  is  based  is  the  folio-wing  ■— 
bilver  has  a  greater  affinity  for  chlorine  than  for  chromic  acid  If 
therefore,  a  solution  of  silver  be  added  to  a  liquid  containing "  both 
chlorine  and  chromic  acid,  the  former  will  be  first  perfectly  preci- 
pitated before  chromate  of  silver,  as  a  reddish-brown  precipitate,  beo-ins 
to  lorm.    As  soon  therefore  as  the  brown  coloration  is  permanent  all 
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chlorine  is  precipitated.  It  is  absolutely  necessary  for  the  success  of 
the  method  that  hoth  the  niti-ate  of  silver  solution  and  the  liquid  in 
which  the  chlorine  is  to  he  estimated  are  exactly  neutral. 

Estimation  of  nitrous  acid.— It  would  he  extremely  desirable  that  a 
method  for  the  exact  determination  of  the  nitrous  acid  should  he  kno-mi, 
but  unfortunately  such  is  not  the  case.  The  processes  proposed  can 
only  be  regarded  as  giving  approximations  to  the  truth.  They  are  all 
founded  upon  the  reaction,  with  only  slight  modifications  proposed  by 
different  chemists,  which  permanganate  of  potash  undergoes  by  coming 
into  contact  with  nitrites — namely,  instantaneous  decolorisation. 

Thus,  Dr.  Paul  works  in  the  following  way :— 1  litre  of  the  water 
is  mixed  with  a  few  di-ops  of  chloride  of  aluminiimi,  and  then  with  an 
equivalent  quantity  of  carbonate  of  soda.  The  quantity^  of  standard 
permanganate  solution  decolorised  after  this  proceeding  is  then  ascer- 
tained, and  from  it  the  amount  of  the  nitrous  acid  is  calculated.  But 
it  is  erroneous  to  suppose  that  all  organic  matter  is  carried  down  with 
the  hydi-ate  of  alumina  formed  by  the  addition  cf  carbonate  of  soda  to 
chloride  of  aluminium,  and  the  quantity  which  is  left  in  solution  and 
acted  upon  by  the  permanganate  doubtless  exceeds,  in  many  cases,  by 
far  the  quantity  of  nitrous  acid  present. 

Dr.  de  Chamnont's  plan  is  to  acidulate  a  measured  quantity  of  the 
water,  sav  half  a  litre,  with  sulphuric  acid,  and  to  boil  it.  The  nitrous 
acid  is  thus  liberated  and  thrown  ofi".  The  difference  between  the 
quantity  of  permanganate  used  before  and  after  boiling  would  indicate 
the  amount  of  nitrous  acid.  And,  indeed,  this  plan  seems  to  be  corro- 
borated by  an  observation  recently  made  by  Prof.  Fresemus,  that 
nitrous  acid  is  volatile  without  decomposition.  It  would  therefore,  no 
doubt,  be  more  advisable  to  distil  a  measiu-ed  quantity  of  the  water, 
and  to  estimate  in  the  distiUate  the  quantity  of  nitrous  acid  by  means 
of  permanganate.  ■  ,       ■    i  j  ^ 

Estimation  of  dissolved  gases  in  water.— We  here  include  only 
oxvgen,  niti-ogen,  and  carbonic  acid,  these  being  the  chief  gases  present 
in  potable  waters  in  quantities  sufficiently  large  to  allow  of  du-ect 
measuring.  They  are  obtained  from  the  water  m  which  they  are 
dissolved^  in  two  ways  ;  namely,  either  by  boiling,  or  by  exhausting 
by  means  of  the  air-pump.  In  whatever  way  obtained  thev  are 
measured  by  any  of  the  methods  of  gas  analysis,  and  analysed 
in  the  same  manner  as  the  gases  produced  by  the  combustion  ot  the 
water  residue  with  oxide  of  copper,  as  practised  m  Dr.  l^rauklands 
method  of  water  analysis,  to  which  the  reader  is  referred. 

Estimation  of  sulphuretted  hydrogen.  —The  quantity  of  this  gas 
contained  even  in  the  very  worst  of  waters  is  so  small  that  it  cannot 
be  estimated  by  any  gravhnetrical  method ;  that  is  to  say,  by  the  pre- 
cipitation of  itby  means  of  a  solution  of  any  of  the  heavy  metals. 

The  volumetfical  method  employed,  is  in  its  simplest  form,  executed 
as  follows  :— A  very  dilute  solution  of  iodine  in  an  aqueous  solution 
of  iodide  of  potassium  is  first  prepared  by  dissolving  a  weighed 
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quantity  of  iodine.  This  element  acts  upon  sulphuretted  hydrogen,  as 
intlicated  by  the  following  formula:— +  HoS  =  2HI  +  S.  127 
parts  of  iodine  correspond,  therefore,  to  17  parts  of  sulphuretted 
hydrogen. 

A  litre  of  the  water  to  he  examined  is  measured  into  a  large  beaker, 
a  few  drops  of  a  solution  of  starch  are  added,  and  then  from  a  gra- 
duated burette  the  standard  iodine  solution  is  dropped  in.  After  the 
destruction  of  the  sulphuretted  hydrogen,  the  iodine  combines  with  the 
starch,  strildng  a  blue  coloration,  which  gives  therefore  the  indication 
that  a  sufficient  quantity  of  iodine  has  been  added.  From  the  number 
of  cc.  used,  the  proportion  of  sulphuretted  hydrogen  contained  in  the 
water  is  easily  calculated  by  means  of  the  above-given  formula  and 
figures. 

Estimation  of  sulphuric  acid. — 500  to  1,000  cc.  of  the  water  are 
evaporated  to  a  small  bulk,  acidulated  with  pure  hydi'ochloric  acid, 
and  the  sulphates  are  then  precipitated  by  the  addition  of  a  solution 
of  chloride  of  barium.  The  precipitate  is  filtered,  washed  vrith  boiling 
water,  incinerated  and  weighed.  100  parts  of  it  contain  34-335  parts 
of  sulphuric  anhydride,  SO3.  It  may  here  be  remarked,  that  it  is  con- 
venient to  calculate  all  results  for  the  anhydrous  bodies,  and  not  for 
the  hydrates,  since  by  the  combination  of  a  hydrated  acid  and 
base,  water  is  eliminated,  which  would  involve  therefore  a  further 
calculation. 

Estimation  of  silica,  iron  and  alumina,  lime  and  magnesia. — 
1,000  cc.  of  the  water  are  evaporated  in  a  platinum  basin  to  dryness 
on  the  water-bath,  after  the  addition  of  some  hydrochloric  acid.  The 
residue  is  moistened  with  dilute  acid,  dissolved  in  hot  water,  and  the 
silica  remaining  is  collected  on  a  filter,  washed,  incinerated  and  weighed. 

To  the  tiltrate  chloride  of  ammonium  is  now  added,  and  then  the 
iron  and  alumina  are  precipitated  by  means  of  caustic  ammonia  ;  the 
precipitate,  which'  is  usually  very  small,  is  collected  on  a  filter, 
and  _  since  it  might  contain  lime,  it  is  ao-ain  dissolved  in  acid  and 
precipitated  as  before.  The  filtrates  are  joined,  and  the  precipitate  is 
weighed.  A  separation  of  the  oxide  of  iron  and  of  the  alumina  is  not 
necessary  in  the  ca-se  of  drinking  waters. 

To  the  alkaline  filtrate  an  excess  of  oxalate  of  ammonium  is  now 
added :  this  precipitates  the  lime  as  white  insoluble  oxalate  of  lime, 
which  is  separated  by  filtration  after  twelve  hours'  standing.  It  is 
washed  and  very  gently  heated  in  a  weighed  platinum  crucible,  which 
must  not  be  allowed  to  get  red  hot.  The  oxalate  is  thereby  converted 
into  the  carbonate  of  lime,  which  may  be  weighed.  But  the  carbonate 
after  conversion  in  the  crucible,  into  the  sulphate,  by  treating  it  with 
strong  sulphuric  acid,  should  be  ignited  and  weighed.  100  parts  of 
carbonate  of  lime  contain  56-00  parts  of  lime,  CaO,  while  100  parts 
of  the  sulphate  correspond  to  41-170  parts  of  lime.  Both  estimations 
should  give  pearly  identical  quantities. 

The  liquid,  from  which  the  oxalate  of  lime  has  been  removed  by 
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filtration,  is  evaporated  to  dryness  iu  a  platinum  basin,  and  tlie  salts  of 
ammonia  are  driven  off  by  beat.  Tbe  residue,  containing  tbe  mag- 
nesia as  carbonate,  is  dissolved  in  pm-e  bydrocbloric  acid,  ammonia 
added  to  tbe  filtered  liquid,  and  tbe  magnesia  precipitated  as  pbospbate 
of  magnesia  and  ammonia  by  means  of  a  solution  containing  pbos- 
pbate of  soda  and  cbloride  of  ammonium.  After  twenty-four  bours' 
standing,  tbis  precipitate  is  filtered,  wasbed  witb  dilute  ammonia  (1 :  4), 
incinerated  and  weigbed.  Tbe  precipitate  is  converted  by  incineration 
into  pyi'o-pbospbate  of  magnesia,  MgoPjO,.  100  parts  of  tbis  sub- 
stance are  equal  to  36-036  parts  of  magnesia. 

Estimation  of  soda. — 1,250  cc.  (or  any  otber  quantity,  but  tbis 
is  tbe  most  convenient  for  calculation)  are  evaporated  to  about 
150  or  200  cc,  and  tben  milk  of  lime  is  added  till  tbe  liquid  is  just 
alkaline.  It  is  put  into  a  flask  gi'aduated  at  250  cc,  and  filled  up  to 
tbe  mark  witb  distilled  water.  Tbe  precipitate  is  allowed  to  settle, 
and  200  cc  of  tbe  clear  liquid  are  taken  out  by  means  of  a  pipette. 
Tbese  200  cc  represent  1,000  cc.  of  tbe  original  water.  Tbey  are  put 
into  anotber  250  cc  flask,  and  ammonia,  carbonate  of  ammonia,  and 
some  oxalate  of  ammonia  are  added,  and  water  to  make  up  250  cc, 
filtered,  and  200  cc.  of  tbe  filtrate,  equal  to  800  cc.  of  water,  are  eva- 
porated, witb  tbe  addition  of  some  cbloride  of  ammonium,  incinerated, 
and  tbe  cbloride  of  sodium  tbus  obtained  is  weigbed. 

Potassium  occurs  only  in  smaU  quantity  in  drinking  waters.  It  may 
be  separated,  bowever,  sboidd  any  be  present,  from  tbe  cbloride  of 
sodium  by  means  of  cbloride  of  platiniuu  (see  Fresenius). 
Tbe  soda  may  be  estimated  indirectly  as  follows  : — 
Tbe  residue  obtained  by  tbe  evaporation  of  1,000  cc.  of  water  is 
weigbed  as  described  for  total  solids.  After  weigbing,  a  little  water, 
and  some  dilute  sulpburic  acid,  are  added,  care  being  tak-en  to 
avoid  loss  by  spirting.  Evaporate  and  drive  tbe  sulpbm-ic  acid  ofl'  ata 
red  beat.  Tbe  residue  is  weigbed.  It  consists  of  silica,  oxide  of  iron 
and  alumina,  and  tbe  sulpbates  of  lime,  magnesia,  and  soda.  Subtract 
from  it  tbe  quantities  of  silica,  oxide  of  iron  and  alumina  actually 
found,  calculate  tbe  quantities  of  lime  and  magnesia  obtained  into  sul- 
pbates, aud  subtract  tbem ;  tbe  rest  is  sidpbate  of  soda,  wbich 
is  to  be  calcidated  for  soda  Na.p.  100  parts  contain  43-658  of 
Na.,0.  Tbe  result  obtained  by  tbis  indirect  metbod  sbould  closely 
correspond  witb  tbat  of  tbe  direct  estimation. 

Estimation  of  combined  carbonic  acid.—ThQ  carbonic  acid  may 
be  estimated  directly  or  bv  calciUation.  Also  in  tbis  case  one  result 
may  be  used  to  cbeck  tbe  otber.  For  du-ect  estimation  1,000  cc. 
of  water  are  to  be  evaporated  in  a  glass  flask  to  a  very  small  bulk, 
about  50  cc.  Tbe  liqiud  is  coloured  by  tincture  of  Utmus,  and 
dilute  sulpburic  acid  of  Imown  streugtb  is  gradually  added  to  the  boil- 
ing liquid,  till  tbe  reaction  is  just  acid.  Tbe  vobuue  of  acid  used 
gives  tbe  quantity  of  carbonic  acid,  20  parts  of  SO3  being  equal  to  11 
of  CO^ 
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The  calculation  of  the  quantity  of  carbonic  acid  without  direct 
estimation  is  as  follows : — 

Calculate  how  much  sidphuric  acid  (SO3)  corresponds  to  the 
quantities  of  lime,  magnesia,  and  soda  found,  and  subtract  from  this 
the  quantity  of  SO3  directly  found,  also  amounts  equivalent  to  the 
nitric  acid  and  the  chlorine  foimd.  Tlie  remainder  of  sidphuric 
anhydride  is  equivalent  to  the  combined  carbonic  acid. 

The  quantity'  of  total  solids  directly  found  should  be  nearly  equal 
to  the  quantity  of  the  difl'erent  constituents  separately  estimated, 
taking  into  consideration  that  for  each  molecule  of  chlorine  an  atom 
of  oxygen  is  to  be  subtracted.  The  correspondence  cannot  be  expected 
to  be  absolute,  for  several  reasons.  The  silica  acts  during  evaporation 
and  di-ying  upon  the  carbonates,  driving  out  some  carbonic  acid ;  car- 
bonate of  magnesium  loses  some  carbonic  acid ;  and,  lastly,  chloride  of 
magnesium  cannot  be  di-ied  without  decomposition,  and  the  loss  of 
part  of  its  chlorine  as  hydrochloric  acid  and  the  formation  of  magnesia. 

Estimation  of  phosphonc  acid. — In  most  waters  traces  of  phosphoric 
acid  may  be  found  if  only  properly  looked  for.  Its  amount  is  mostly, 
however,  so  smaU  that  large  quantities  of  water  must  be  evaporated 
to  render  a  quantitative  estimation  possible.  In  highly  contaminated 
and  impiu-e  Avaters  phosphoric  acid  is  sometimes  present  in  compara- 
tively large  amount.  Its  estimation  may  be  thus  efiected.  1  litre  of 
water  is  evaporated  to  dryness  in  a  porcelain  dish,  with  the  addition 
of  a  few  drops  of  nitric  acid.  The  residue  is  moistened  with  nitric 
acid  and  dissolved  in  boiling  water.  The  liquid,  the  amount  of  which 
shoidd  not  exceed  20  cc,  is  filtered  through  a  small  filter,  and  pre- 
cipitated with  an  excess  of  a  solution  of  molybdate  of  ammonia  in 
nitric  acid.  The  yellow  precipitate  of  phosphomolybdate  of  ammonia  is 
filtered  after  twenty-four  hours'  standing,  washed  with  some  molybdate 
of  ammonia,  dissolved  in  weak  caustic  ammonia,  and  in  the  solution 
the_  phosphoric  acid  is  precipitated  with  magnesium  chloride.  The 
white  and  crystalline  precipitate  of  phosphate  of  ammonia  and  magnesia 
is  filtered,  washed,  incinerated,  and  weighed.  100  parts  of  the  in- 
cinerated precipitate  contain  63-96  parts  of  phosphoric  acid  (PjOs), 

The  calculation  of  the  results. — It  is  impossible  to  tell  with  cer- 
tainty how  all  the  substances  found  and  estimated  as  described  are  com- 
bined in  the  water.  Thus  we  might  mix  nitrate  of  soda  and  chloride 
of  potassium  together,  and  we  are  no  longer  able  to  say  which  salts  the 
solution  contains.  Very  probably  double  decomposition  takes  place, 
and  in  solution  are  now,  instead  of  two,  four  salts— namely,  the  two 
salts  mixed  and  nitrate  of  potash  and  chloride  of  sodium.  In  other 
cases  we  may  be  certain  in  which  state  of  combination  the  different 
bodies  are ;  we  know,  for  instance,  that  if  we  find  a  water  to  contain 
carbonate  of  soda,  chloride  of  calcium  cannot  be  present,  these  two  salts 
decomposing  each  other,  forming  carbonate  of  calcium  and  chloride  of 
sodium.  Further,  we  cannot  determine  by  evaporation  and  the  forms  of 
the  crystals  which  salts  were  originally  present,  since  double  decomposi- 
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tion  prevents  any  accurate  conclusions :  thus,  we  dissolve  together 
nitrate  of  soda  and  chloride  of  magnesium,  and  if  we  then  evaporate, 
we  get  in  the  very  concentrated  solution  ci-ystals  of  chloride  of  sodium, 
notwithstanding  that  this  substance  was  not  present  originally. 

Some  information  as  to  the  manner  in  which  the  mineral  sub- 
stances dissolved  in  water  are  combiued  may  be  obtained,  by  sepa- 
rating the  soluble  from  the  insoluble  portion  of  the  residue,  by  means 
of  a  very  small  quantity  of  distilled  water  ;  also  by  a  partial  evaporation 
of  the  water,  whereby  the  earthj'  carbonates  are  separated  from  the 
other  constituents. 

Certain  rules  may,  however,  be  observed,  which  cannot  lead  far 
wrong.  If  several  salts  are  brought  together  in  solution  they  always 
combine  so  as  to  form  the  most  insoluble  combinations.  We  are  sure,  for 
instance,  that  if  we  hnd  in  a  water  barium,  chlorine  and  sulphuric 
acid,  if  such  a  case  were  possible,  the  barium  must  be  combined  with 
the  sulphuric  acid. 

Fresenius,  the  highest  authority  on  water  analysis,  gives  the  fol- 
lowino:  du'ections  for  the  calculation  of  the  results : — '  The  chlorine  is 
combined  with  the  sodiimi ;  if  there  is  an  excess  this  is  combined  with 
calcium.  If,  on  the  other  hand,  there  remains  an  excess  of  soda,  this 
is  combined  with  sulphuric  acid.  The  sidphm-ic  acid,  or  the  remainder 
of  the  sulphiu-ic  acid,  as  the  case  may  be,  is  combined  with  lime. 
The  nitric  acid  is,  as  a  rule,  to  be  combined  with  lime.  The  silica  is  put 
down  in  the  free  state,  the  remainder  of  the  lime  and  the  magnesia  as 
carbonates. 

'  It  must  always  be  borne  in  mind,  that  the  results  of  the  quanti- 
tative analysis  may  render  another  arrangement  of  the  acids  and 
bases  necessary.  For  instance,  if  the  evaporated  water  reacts  strongly 
alkaline,  carbonate  of  soda  is  present,  generally  in  company  with  sul- 
phate of  soda  and  chloride  of  sodimn,  occasionally  also  with  nitrate 
of  soda.  The  lime  and  magnesia  are  then  to  be  entirely  combined 
with  carbonic  acid.' 

Estimation  of  hardness. — We  have  already  described  the  exact 
chemical  methods  for  the  estimation  of  lime  and  magnesia.  For 
practical  purposes  it  is,  however,  frequently  sufficient  to  determine 
the  total  quantity  of  lime  and  magnesia,  if  not  wath  exactness,  at  aU 
events  with  very  close  approximation  to  the  truth.  The  method 
employed  for  this  purpose  is  that  proposed  by  Prof.  Clarke,  and 
is  founded  upon  the  following  facts.  Common  soap  consists  chiefly  of 
oleate  and  stearate  of  soda,  which  salts  are  both  soluble  in  water.  If 
a  solution  of  soap  is  mixed  with  one  of  a  salt  of  lime  or  magnesia, 
stearate  and  oleate  of  these  bases  are  formed,  which,  being  insoluble, 
form  a  white  precipitate.  It  is  evident  that  an  amount  of  soap  will 
thus  be  precipitated,  which  stands  in  proportion  to  the  quantity  of 
lime  and  magnesia  present,  or,  in  other  words,  which  is  equivalent 
to  it.  If,  therefore,  a  solution  of  soap  of  Iraown  strength  be  prepared 
and  added  to  a  measured  quantity  of  the  water  to  be  tested,  a  lather 
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cliaracteristic  of  soap  cannot  be  formed  on  slialdng,  until  the  wliole  of 
the  lime  and  magnesia  are  precipitated,  and,  moreover,  a  small  excess 
of  the  soap  solution  is  added.  The  volume  of  the  soap  solution  used 
■will  thus  give  the  proportion  of  the  alkaline  earths. 

It  ■will  further  be  seen,  that  56  parts  of  lime  ■will  destroy  or  pre- 
cipitate just  as  much  soap  as  40  parts  of  magnesia,  these  being  the 
equivalents  of  the  t'wo  bases.  The  soap-test  does  not  allo^w  of  a  dis- 
crimination of  lime  and  magnesia ;  the  total  amount  must  either  be 
expressed  and  calculated  for  lime  or  for  magnesia.  Lime  being  usually 
the  prevalent  constituent,  the  figures  are  based  upon  the  amount  of  this 
substance.  In  England  it  is  customary  to  calculate  the  resvdts  not  as 
lime  but  as  carbonate  of  lime,  and  to  caU  1  grain  of  carbonate  of  lime 
in  1  gallon,  or  70,000  grains  of  -water,  1  degree  of  hardness,  whilst 
other  countries,  as  France  and  Germany,  calculate  as  caustic  lime, 
and  call  1  part  of  caustic  lime  in  100,000  parts  of  -water  1  degree  of 
hardness. 

The  details  of  the  process  and  the  preparation  and  standardising  of 
the  soap  solution  are  as  follo-w.  It  is  absolutely  neceasaiy  to  adhere 
strictly  to  these  details  if  satisfactory  results,  and  figures  agreeing 
among  themselves,  and  -with,  those  of  other  observers,  are  expected. 

A  solution  of  lime  of  kno-wn  streng-th  is  first  prepared  by  heating 
pirre  chloride  of  calcium  just  to  redness  in  a  -weighed  platinum  crucible, 
allowing  to  cool  over  sulphuric  acid,  and  reweighing  when  cold.  About 
half  a  gramme  is  thus  accurately  weighed  and  dissolved  in  such  a 
quantity  of  water  that  1,000  cc.  or  1  litre  contains  1-110  gramme  of 
chloride  of  calcium,  equal  to  1  gramme  of  carbonate  of  lime  in  1  litre 
of  water  ;  1  cc.  therefore  coiTesponds  to  0-001  gramme  of  carbonate  of 
lime. 

40  grammes  of  lead  plaister  are  finely  powdered  in  a  mortar,  and 
then  intimately  mixed  with  20  gTammes  of  carbonate  of  potash,  with 
the  addition  of  a  few  drops  of  water.  The  mass  is  then  repeatedly 
treated  -with  cold  methylated  spirit,  which  dissolves  easily  the  soap  or 
oleate  of  potash  thus  formed,  while  insoluble  carbonate  of  lead,  and 
the  excess  of  carbonate  of  potash,  are  not  taken  up  by  the  alcohol.  The 
amount  of  alcohol  should  be  about  30  times  the  weight  of  the  lead 
plaster  taken.  This  soap  solution  is  diluted  with  its  equal  voliune  of 
water.  It  now  requires  standardising.  70  cc.  of  distilled  water  are 
measured  into  a  stoppered  bottle,  capable  of  holding  about  250  cc,  and 
10  cc.  of  the  unstandardised  soap  solution  are  added  to  it.  From  a 
burette,  divided  into  tenths  of  cubic  centimetres,  the  standard  chloride 
of  calcium  solution  is  then  slowly  added.  The  mixtui-e  is  from  time  to 
time  well  shaken.  As  long  as  the  liquid  froths  or  latliers  on  shaking, 
imdecomposed  soap  is  present,  and  more  of  the  chloride  of  calcium 
solution  IS  to  be  added.  At  the  point  when  lather  no  lon"-er 
appears,  the  volume  of  the  calcium  solution  is  then  accurately  read  off, 
and  we  find  thus  how  mucli  of  this  solution  is  necessary  to  decompose 
10  cc.  of  the  soap  solution.    This  latter  will  be  found  to  be  much 
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stronger  than  the  calciiun  solution.  It  is  then  calculated  how  much 
water  must  be  added  to  it  in  order  to  render  it  of  such  a  strength  that 
17  cc.  of  the  soap  solution  require  16  cc.  of  the  calcium  solution  for  per- 
fect decomposition. 

Properly  1  volume  of  the  one  solution  ought  to  neutralize  1 
volume  of  the  other,  but  it  is  evident  that,  to  produce  lather,  a  slight 
excess  of  soap  must  be  added,  hence  the  above  figures.  After  dilution 
of  the  soap-test,  the  standard  shoidd  be  verified  again  bv  experiment. 

The  employment  of  the  standard  soap  solution,  obtained  as  de- 
scribed, is  as  follows  : — 

100  cc.  of  the  water  to  be  tested  are  measm'ed  into  a  stoppered 
bottle,  and  with  frequent  shaking  the  soap-test  is  added  from  a  bui-ette. 
As  soon  as  a  permanent  lather  is  formed,  which  will  remain  for  five 
minutes,  the  addition  is  stopped.  The  number  of  cc.  of  the  soap  used 
gives  the  quantitj'  of  carbonate  of  lime  in  100,000  parts  of  water.  If, 
after  the  addition  of  24  cc.  of  soap,  lather  does  not  appear,  100  cc. 
of  distilled  water  are  added,  and  afterwards  from  the  total  quantity  of 
soap  solution  used  1  cc.  is  subtracted. 

If  it  is  desired  to  obtain  degrees  of  hardness,  i.e.,  calculate  the  residt 
for  one  gallon,  70,000  grains  of  water,  the  figure  is  simply  to  be 
multiplied  by  0-7. 

Thus  we  obtain  what  is  called  total  hardness,  which  is  the  measure 
of  the  total  soap-destroying  power  of  the  water.  This,  as  we  have 
explained  above,  is  mainly  due  to  aU  salts  of  lime  and  magnesia  present. 
A  part  of  these  salts  is  permanently  soluble  in  water,  as  the  chlorides, 
sulphates,  and  nitrates,  whilst  the  carbonates  of  lime  and  magnesia  are 
as  such  insoluble  in  pure  water.  They,  however,  dissolve  in  consider- 
able quantity  in  water  containing  free  carbonic  acid,  soluble  bicarbon- 
ates  being  formed.  By  boiling  the  dissolved  carbonic  acid  is  driven 
away,  and  consequently  the  carbonates  of  lime  and  magnesia,  their 
solvent  being  removed,  separate  in  the  form  of  microscopical  crystals. 
The  hardness,  of  course,  is  reduced  in  proportion  to  the  quantities  of 
carbonates  of  these  two  bases  present. 

The  permanent  hardness  is  estimated  by  boiling  100  cc.  of  the 
water  for  three-quarters  of  an  hour  in  a  platinum  basin,  adding  at 
intervals  distilled  water  to  make  up  for  the  loss  by  evaporation ;  or  the 
water  may  be  evaporated  to  about  one-third  of  the  original  bulk,  but 
then  it  must  be  diluted  and  boiled  again  with  distiUed  water,  to  take 
up  any  sulphate  of  lime  which  might  have  separated  in  a  crystalline 
form  ;  but  this  latter  case  will  rarely,  if  ever,  happen,  since  the  solu- 
bility of  gypsum  is  rather  considerable.  After  the  lapse  of  that  time 
the  water  is  allowed  to  cool,  filled  up  to  its  original  bulk,  transferred 
into  the  stoppered  bottle,  and  its  hardness  estimated  as  described.  The 
loss  of  hardness  by  boiling  is  called  temporary  hardness. 

Detection  and  determination  of  lead  and  copper. — We  have  sho^yn 
in  a  previous  chapter  that  lead  is,  under  certain  circiunstances,  dis- 
solved by  water  in  quantities  sulBcient  to  be  attended  by  injmious 
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effects.  These  qucantities  are,  however,  mostly  too  minute  to  he  de- 
tected in  the  water  in  its  unconceutrated  condition,  and  to  effect  its 
determination  it  is  always  necessary  to  evaporate  it  to  a  smaller  huUr. 
This  operation  is  performed  in  porcelain  dishes,  with  the  addition  of 
a  drop  or  two  of  hydrochloric  acid,  so  as  to  slightly  acidulate  the 
water.  If  by  the  addition  to  a  portion  of  this  concentrated  liquid  of  a 
few  drops  of  sulphiu-etted  hydrogen  dissolved  in  water,  a  dark  coloration 
is  produced,  one  of  the  series  of  the  heavy  metals  is  sure  to  be  pre- 
sent. This  may  be  either  copper  or  lead,  but  in  most  cases  the  latter 
metal.  To  ascertain  which  of  them  is  present  in  a  special  case,  much 
larger  quantities  of  the  water  must  be  evaporated  and  tested.  From 
three  to  foiu-  litres  of  water  are  evaporated  to  a  small  bulk,  with 
the  addition  of  a  few  drops  of  nitric  acid.  Sulphuretted  hydrogen 
is  passed  thi-oug-h  the  liquid  for  about  tkree  or  fom-  hours,  and  the 
black  precipitate  which  forms,  if  either  lead  or  copper  is  present, 
is  collected  on  a  filter  and  washed  with  water  containing  some  sul- 
phuretted hydrogen.  It  is  then  boiled  with  pure  nitric  acid  and 
evaporated  on  the  water-bath,  with  the  addition  of  a  drop  of  sulphuric 
acid,  and  moistened  again  with  distilled  water.  The  residue,  if  any, 
consisting  of  sulphate  oi  lead,  is  collected  on  a  filter,  and  the  filtrate 
tested  a,fter  neutralisation  with  ammonia  and  acidulation  with  acetic 
acid,  with  a  solution  of  ferrocyauide  of  potassiimi,  which  will  give 
rise  to  a  red  precipitate  if  any  copper  be  present. 

The  quantitative  estimation  of  either  metal  is  usually  effected  by  a 
colorimetrical  process — namely,  by  comparing  the  depth  of  colour 
produced  by  sulphuretted  hydrogen  in  the  water  to  be  examined  with 
that  produced  in  a  solution  of  lead  of  known  strength,  in  precisely 
analogous  manner  as  the  colorimetrical  determination  of  ammonia  in 
water.  The  details  are,  therefore,  evident  to  every  one  who  is  ac- 
quainted with  this  latter  process,  and  need  no  description.  The 
standard  solution  is  prepared  by  dissolving  a  known  quantity  of 
crystals  of  piu-e  acetate  of  lead. 

Estimation  of  suspended  ^nattei's. — A  large  quantity  of  the  turbid 
water,  say  1  litre,  is  filtered  thi-ough  a  dried  and  weighed  filter,  which 
is  then  redried  and  again  weighed.  Thus  the  total  suspended  matter 
is  obtained.  _  It  is  subsequently  incinerated  in  a  weighed  platinum 
crucible,  and  in  this  manner  the  proportion  of  mineral  and  organic  sus- 
pended matter  is  arrived  at.  The  substances  in  suspension  are  fre- 
quently so  finely  divided  that  they  pass  through  the  best  filter  paper, 
and  _  sometimes  they  settle  with  such  extreme  slowness,  that  the  esti- 
mation becomes  practically  knpossible.  A  quantitative  analysis  of  the 
mineral  portion  is  seldom  required,  although  it  may  be  desirable  in 
some  cases  to  test  it  qualitatively.  Again,  when  the  sediment  is  thus 
collected  a  good  opportunity  is  "presented  for  a  further  microscopical 
examination. 
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CHAPTER  IV. 
TEA  AND  ITS  ADULTERATIONS. 

DEFINITION    OF  ADULTERATION. 

Leaves  other  than  those  of  tea,  except  those  used  for  scenting  ;  f-xhausted 
tea-leaves  and  damaged  tea  ;  an  undue  proportion  of  stalks  or  vegetable  matter 
foreign  to  tea,  of  any  kind  whatever;  foreign  mineral  matter,  efpecially  sand, 
quartz,  soapstone,  China  clay,  magnetic  oxide  of  iron,  &c.  Lastly,  the  sub- 
stances used  for  artificially  eolourinti  or  paintiog  the  teas,  as  ferrocyaiiide  of  iron, 
or  Prussian  blue,  indigo,  turmeiic,  &c. 

Ch'owth  and  Preparation. 

The  tea-plant,  Thea  sinensis,  is  a  hardy  evergreen  flowering-  shrut, 
attaining  the  height  of  from  three  to  six  feet  and  upwards.  It  belongs 
to  the  natural  family  Colmnniferce,  TernstrmniacecB  of  Lindley, 
which  includes  the  camellias  and  myrtles.  The  tea-plant  occurs  in- 
digenously or  is  specially  cultivated  in  China,  Japan,  parts  of  India, 
especially  the  southern  side  of  the  Himalayas,  and  in  Western  Airica; 
but  the  plants  will  grow  in  many  other  mild  climates,  and  it  is  stated 
that  they  will  flourish  in  all  latitudes  from  the  equator  up  to  40°.  It 
is  usually  propagated  from  seed ;  the  seedlings  when  a  year  old  are 
planted  in  rows,  three  or  four  feet  apart.  They  come  to  maturity  in 
three  or  four  j'ears,  yielding  in  the  com'se  of  the  season  three,  and  in 
some  cases  four,  crops  of  lea\'es.  When  ten  or  tweh'e  years  old,  the 
plants  are  dug  up  and  replaced  by  other  seedlings. 

The  flrst  gathering  takes  place  early  in  the  spring,  the  second  in 
the  beginning  of  May,  the  third  about  the  middle  of  Jime,  and  a 
fom-th  in  August.  The  leaves  of  the  fii-st  gathering  are  the  most 
valuable,  and  from  these  Pekoe  tea,  which  consists  of  the  young  leaves 
and  leaf  buds,  as  well  as  black  teas  of  the  highest  quality,  are  prepared. 
The  leaves  of  the  last  gathering  are  large  and  old,  and  inferior  in 
flavour  and  value. 

The  use  of  tea  became  general  in  China  about  the  year  GOO, 
but  it  was  not  until  the  seventeenth  century  that  it  was  brought  to 
Europe. 

The  teas  of  commerce  are  divided  iuto  black  and  green.  .411  the 
varieties  of  these  are  derived  from  the  same  species  of  tea-plant,  the 
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differences  dependiug  upon  soil,  climate,  apre  of  the  leaves,  and  mode 
of  preparation.  The  plants  from  which  black  teps  are  prepared  are 
grown  chiefly  on  the  slopes  of  hills  and  ledges  of  mountains,  while 
the  green  teas  are  cultivated  in  maniu-ed  soils;  other  differences 
between  the  two  Irinds  of  tea  are  occasioned  by  the  processes  adopted 
in  the  preparation  and  roasting  of  the  leaves.  Thus,  the  leaves  of 
black  tea  are  allowed  to  lie  in  heaps  for  ten  or  t%velve  hours,  diu-ino- 
which  they  undergo  a  species  of  fermentation,  and  it  is  this  which 
occasions  them  to  assume  a  dark  colour  They  are  then  tossed  about 
till  they  become  flaccid.  They  now  emit  the  characteristic  odour  of 
tea ;  the  leaves  are  next  rolled  with  the  hands  into  balls  on  a  wooden 
table,  and  much  liquid  is  said  to  be  expressed  fi-om  them.  '  After 
which  they  are  shaken  out,  roasted  for  a  few  minutes,  again  rolled,  and 
while  still  flaccid  are  exposed  to  the  air  for  some  hom-s  upon  shallow 
bamboo  trays  ;  this  alternate  heating  and  rolling  is  repeated  thi-ee  or 
four  times,  and  finally  the  leaves  are  dried  slowly  over  charcoal  fires.' 
Those  of  green  tea  are  not  subjected  to  this  preliminary  fermentation, 
but  are  roasted  '  within  an  hour  or  two  after  they  have  been  gathered, 
in  pans  over  a  brisk  wood  fire.  After  four  or  five  minutes'  roasting' 
the  leaves  become  flaccid  and  are  rolled  by  the  hands  upon  a  wooden 
table ;  they  are  then  again  thrown  into  the  drying  pans,  where  they 
are  kept  in  rapid  motion,  and  in  about  an  hour  and  a  half  are  com- 
pletely dried'  (Watts).  But  the  leaves  thus  prepared  are  of  a 
yello'svish  or  olive-green  tint,  very  unlike  the  coloiu-  of  the  painted 
green  teas  imported  into  this  country  from  China. 

The  outward  characters  of  certain  teas  depend  upon  the  rolling  to 
which  the  leaves  are  subjected,  an  operation  which  is  three  or  four 
times  repeated  in  the  case  of  superior  teas,  before  the  dryino-  and 
rolling  are  considered  to  be  complete.  " 

The  Scentinrf  of  Tea. — To  certain  descriptions  of  tea  an  artificial 
odour  or  scent  is  imparted.  This  is  communicated  to  the  teas  chiefly 
by  means  of  the  Chulan  flower,  Chlornnthm  inconspicuus ;  those  of  Olea 
fragram,  Onrdenia  Jlorida,  and  Jasminum  samhac  are,  however,  also 
sometimes  used  for  the  purpose.  Two  processes  are  adopted  for  the 
scenting  of  the  tea.  In  some  cases  the  fi-esh  flowers  are  strewn 
between  successive  layers  of  tea,  and  both  are  then  roasted  until  the 
flowers  become  crisp,  when  they  are  siffed  out.  In  others  the  flowers 
are  dried,  powdered,  and  then  sprinkled  over  the  tea. 

The  principal  kinds  of  hlack  tea  are  Bohea,  the  commonest  descrip- 
tion,^ Goru/ou,  Souchong,  Caper,  and  Pekoe,  which  last  is  of  the  hio-hest 
quality,  consisting  of  the  unexpanded  leaves  and  buds,  which,  when 
clothed  with  hairs  or  down,  constitute  Flowery  Pclwe ;  but  the  three 
last  named  teas  really  possess  more  the  characters  of  green  than  of  black 
teas.  The  chief  varieties  of  green  tea  are  Twankay,  Hyson  Skin,  Young 
Hyson,  Hyson,  Imperial,  and  Chinpowder,  this  last  correspondino-  in 
green  tea  with  Flowery  Pekoe.  Imperial,  Hyson  and  Young  Hyson 
consist  of  the  second  and  third  gatherings,  while  the  light  and  inferior 


94 


TEA  AND  ITS  ADCLTEllATIONS. 


leaves  separated  from  Plyson  by  a  winnowiug  machine  constitute 
Hyson  Sldu,  in  much  demand  among^st  the  Americans.    The  scented 


Fig.  18. 


D 

LEAVES  OP  THE  TEA-PLiKT. 

A,  Young  leaf  ;  S,  leaf  nf  black  tea  of  medium  size  ;  C,  ditto  of  larger  growth ; 
D,  leaf  of  the  green  Tariety  of  the  tea-plant. 

teas  are  Scented  Caper,  or  Schulan,  and  Scented  Orange  PeJcoe.  These 
teas  are  not  drunk  by  themselves,  but  are  usually  mixed  in  small  pro- 
portions with  other  teas.  Indeed,  there  are  few  kinds  of  tea  which 
are  partaken  of  alone  ;  nearly  all  the  teas  of  the  shops  consisting  of  a 
mixture  in  various  proportions  of  different  Idnds  of  tea,  one  being  used 
for  its  flavour  and  fidness  on  the  palate,  another  for  its  odom-,  and  a 
third  for  its  strength,  colour,  and  body.  Teas  are,  in  fact,  even  more 
subject  to  the  operation  of  blending  than  wine  itself.    This  blending 
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or  mixing  constitutes  a  special  art  or  business,  and  so  particular  are 
most  larpe  and  wholesale  firms,  that  they  always  keep  portions  of  the 
first  mixings  to  serve  as  standards  or  giudes  for  the  next  mixino-  • 
uniformity  of  quality,  so  much  desired  by  many  customers,  being  there- 
by obtained. 

The  form  of  the  leaves. — The  leaves  vary  considerably  in  size  and 
form,  according  to  age.  The  youngest  leaves  are  narrow,  downy,  and 
present  slight  evidences  of  serration.  Those  next  in  age  and  size  have 
their  edges  delicately  serrated,  with  the  venation  but  little  perceptible ; 
in  those  of  medium  and  large  sizes  the  venation  is  well  marked,  a 


Fig.  19. 


Leaf  of  the  Assam  variety  of  the  Tea-plakt  ;  the  venation  is  the  same  as  in  the 
black  and  green  varieties,  but  there  is  a  slight  difference  in  the  serrations 
■which  are  alternately  large  and  smaU— a  difference  which  is  probably  not 

r.nn  stji.Ti  t:  '  j      w  i* 


senes  of  characteristic  loops  being  formed  along  each  margin  of  the 
leaves,  the  seii-ations  being  stronger  and  deeper  and  wider  apart.  Some- 
times, as  in  the  Assam  variety  of  the  tea-plant,  the  serrations  are 
alternately  large  and  small,  a  difference  which  is  probablv  not  con- 
stant. 

_  The  form,  serration  and  venation  of  the  tea-leaf  are  usually  suffi- 
ciently characteristic  to  distinguish  it  from  most  other  leaves  with 
which  tea  is  liable  to  be  mixed,  but  in  cases  of  doubt  or  difficultv 
most  valuable  aid  is  obtained  by  a  knowledge  of  the  minute  structure 
ot  the  leaf  as  shown  by  the  microscope. 

Minute  structure  of  the  tea-leaf -The  tea-leaf  is  made  up  of 
epidermic  cells,  parenchimatous  cells,  sto7nata,  hairs,  and  woocly  fibre  the 
latter  forming  the  basis  or  skeleton  of  the  leaf.  The  cells  ofthe  enidermi^ 
vary  m  accordance  with  the  size  of  the  leaf ;  in  that  of  medium  size  the 
cells  are  smaU  and  slightly  angular  only,  while  in  the  hard  and  old  leaf 
they  are  larger,  more  angular,  and  the  walls  of  the  cells  are  more 
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Upper  surface  of  Tea-leaf,  showing  its  structure.   Maguifled  S50  diameters. 


Pig.  21. 


Under  surface  of  TEA-LEAlf,  showing  the  stomata  and  cells  of  this  portion  of  the 
leaf,  as  well  as  a  part  of  one  of  the  hairs  by  which  this  surface  is  clothed. 
Jlaguifiod  350  diameters. 
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distinctly  visible.  The  stomata  are  confined  to  tlie  under  surface  of  the 
leaves,  are  rather  numerous,  oval,  or  sometimes  nearly  round,  and 
formed  of  two  reniform  cells,  which  encircle  a  very  apparent  apertiu'e. 
The  epideniiic  cells,  to  adapt  themselves  to  the  form  of  the  stomata, 
are  themselves  ciu-ved.  The  hairs  are  also  confined  to  the  under  surface 
of  the  leaf.  They  are  very  numerous  on  young  leaves,  less  al)undant 
on  those  of  middle  age,  and  on  old  leaves  are  nearly  altogether  wanting. 
They  are  short,  pointed,  and  imdivided.  The  cells  forming  the  paren- 
chyma of  the  leaf  resemble  those  of  most  other  leaves,  and  do  not 
present  an3i;hing  remarkable. 


Fig.  22. 


Tea-leap. 

A,  npper  surface  of  fully-developpd  leaf,  representiner  the  cells  of  which  it  is  con- 
stituted ;  L,  under  surface,  showing  its  cells  and  stomata ;  C,.  chlorophylle 


COMPOSITION  OP  TEA. 

The  infusion  made  from  tea  contains  colouring  matter,  gum,  sac- 
charine matter  or  glucose,  tannin,  a  peculiar  volaiile  oil,  a  nitrogenous 
alkaloid  or  principle  called  Theine,  identical  with  cafieine,  albuminoid 
matter,  and  various  organic  and  inorganic  salts ;  while  that  portion 
■which  IS  insoluble  in  hot  water  consists  chiefly  of  the  albuminoid  matter 
colounng  matter,  and  cellulose,  in  the  forms  of  cells  and  fibre.  ' 

A  very  good  idea  of  the  age  and  quality  of  a  tea  may  be  gathered 
Jrom  the  relative  proportions  of  matter,  soluble  and  insoluble,  in  hot 
water.    The  following  table  exhibits  the  quantity  of  extractive  matter 

H 
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furnished  by  samples  of  Hack  and  green  teas  of  various  qualities  and 
descriptions : — 


Quantity  of  Extractive  Matter. 


Black  Teas. 
Ankoi  Congou 
'Pekoe  Congou 
Pekee  Souchong  . 
Assam  Souchong  . 
Pekoe  Souchong  . 
Moning  Consrou  . 
Kaisou  Congou  . 
Orange  Pekoe 
Mixed  Black 

Pure  Black  . 
Mixed  . 

Moning  Congou  . 
Java  Souchong  . 
Assam  broken 

Green  Teas. 
Pearl  Gunpowder 
Moyune  Hyson  . 
Mixed  Green 

)>  ■»> 
Pure  Green  . 
Java  Young  Hyson 

»)       I)  '> 
Japan  Oolong 


28-  16 
26-23 
24-03 

37-  76 

38-  15 

29-  47 

26-  36 

39-  00 
31-08 

40-  08 

40-  00 

41-  58 
37-66 
47-40 
46-50 

27-  70 
39-03 
46-64 
41-36 

43-  32 
50-38 
45-88 

44-  46 


Black  Teas. 
Eamoo  broken 
Broken  Orange  Pekoe 
Pekoe,  Ramoo 
Ramoo  Pekoe  Souchong 
Black  tea 


Average 


Green  Teas. 
Kumaon  Young  Hyson 
Green  tea 
Foo  Chow  Caper  . 
Gunpowder  . 
Green  tea  . 


Average 


33-25 
40-99 
42-25 
39-14 
33-25 
28-24 
25-84 

25-  14 
28-76 

32-  79 

26-  15 
24-72 

33-  85 


46-50 
39-06 
38-21 
37-47 
35-68 

41-20 


According  to  P6ligot,  Hack  tea  furnishes  an  average  exti-active  of 
39-6  per  leaf°and  green  tea  of  42-9  per  leaf.  There  is  no  doubt  that 
Pelio-ot's  average  for  black  tea  is  far  too  high,  and  tliis  undoubtedly 
arises  from  the  fact  of  his  having  included  among  his  black  teas  a 
number  of  really  green  teas,  as  the  Pekoes. 

According  to  Mulder's  analysis,  100  parts  of  tea  consist  of— 


Essential  oil  (to  -^^hich  the  flavour  is  due) 


Wax  

Resin  

Gum  

Tannin   .  . 

Theine  

Extractive       .      ■  _  

Dark  extractive  deposit  .  :  ■, 
Coloured  matter,  separable  by  hj-drochloric  acid 
Albumen   


Ash 


Green 

Black 

0-79 

0-60 

2-22 

1-84 

0-28 

2-22 

3-64 

8-56 

7-28 

17-80 

12-88 

0-43 

0-46 

22-80 

19-88 

1-48 

23-60 

19-12 

3-00 

2-80 

17-08 

28-32 

5-56 

6-24 

104-34 

104-04 
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Molescliott  gives  the  following'  mean  analysis  of  black  tea  com- 
piled from  the  analyses  of  Mulder,  Warrington,  Stenhouse  and 
Pelis'ot: — 


Theine  . 
Albumen 
Dextrin  , 
Cellulose 
Wax  . 
Chlorophylle  . 
Resin 

Tannic  acid  . 
Etliereal  oil  . 
Extractive  matters 
Apothema 
Ash 

Water  . 


1-  576 

2-  375 
8-668 

20-077 

0-  130 

1-  901 

2-  203 
13-969 

0-669 
18-410 
0-690 
4-808 
6-500 

81-976 


The  a  humen  or  legumm  is  obviously  greatly  underrated  in  the 
above  analysis,  and  the-fig-ui-es  given,  as  will  be  seen,  do  not  make  un 
a  himdi-ed  parts,  although  doubtless  the  analysis  represents  the  ner- 
centage  composition  of  tea.  It  is  not  quite  clear  what  has  been 
omitted  unless  it  be  the  colom-ed  matter  of  Mulder,  separable  bv 
hydi-ochloric  acid,  and  which  probably  consisted  in  the  main  of 
albuminous  matter. 

i-esults^— recently  made  by  the  author  fiu-nished  the  following 

Water 
Tannin 

Gum  .... 

Albuminous  matter  . 
Theine  . 

Ash  

Chlorophylle  and  other  undetermined  extractive 

matter  

Matter  insoluble  in  water  ;  celiulose,  &c.!  minus 

albuminous  matter 


Total  extractive  matter 

Nitrogen  in  the  insoluble  . 
Nitrogen  in  the  soluble 


Total  nitrogen 

Parts  of  ash  soluble  in  water 
Insoluble  in  water  . 


The  following  quantities  of  nitroffen  have  been  found 

H  2 


Black 

Green 

.  11-66 

9.37 

.  15-24 

18-69 

.  5-70 

5-89 

.  15-55 

24-39 

.  2-53 

2-79 

.  5-82 

5-38 

1  5-24 

1-83 

1  38-36 

31-66 

100-00 

100-00 

.  33-25 

89-06 

.  1-82 

2-48 

.  1-38 

2-07 

.  3-20 

4-55 

62-69 

68-05 

37-31 

81-95 

100-00 

100-00 

in  tea  by  dif- 
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ferent  chemists.  Pelip:ot  obtained  in  Pelcoe  tea,  dried  at  100°  C,  6-58 
per  cent. ;  in  Gunpowder  6'15,  in  Soiicliong  6-15,  and  Assam  6-10.  The 
aqueous  extract  of  dried  Gunpowder  tea  yielded  4-3,  of  p:reen 
Souchono:  4-7  per  cent.,  while  the  exhausted  leaves  fui-nished  4-6  per 
cent,  for  the  Souchong,  and  4-4  per  cent,  for  the  Gunpowder.  These 
quantities  appear  to  he  too  high. 

We  obtained  from  a  sample  of  black  tea,  not  previously  dried,  as 
will  be  seen  by  om-  analyses,  3'20  per  cent.,  and  from  green  tea  4-55 

per  cent.  p      -n  i 

Theine,  when  pure,  crystallises  in  fine  needles  of  a  silky  lustre. 
They  lose  at  100°  0.  one  atom  of  water  of  crystallisation,  amounting  to 
about  8  per  cent,  of  their  weight.    They  are"  bitter  and  have  no  smeU ; 
thev  melt  at  178°  C.  and  sublime  at  185°  0.,  without  decomposing. 
It  is  freely  soluble  in  boiling  water,  and  less  soluble  in  ether  and 
alcohol ;  in  93  parts  of  water  of  ordinaiy  temperatiu-e  and  in  300  parts 
of  ether,  according  to  Peligot.    The  crystals  which  separate  froni  the 
ethereal 'solution  are  anhydrous.  When  heated  with  soda  lime  it  yields 
cyanides.    Theine  is  a  feeble  base,  and  is  precipitable  by  tannin  from 
its  solutions ;  its  formula  is  CgHjoNp,,  according  to  which  it  con- 
tains 28-87  per  cent,  of  nitrogen.  .      ^  , 
The  theine  in  Mulder's  analyses  is  obviously  much  underrated. 
Stenhouse  gives  in  the  teas  of  commerce  an  average  of  1-39  per  cent, 
based  upon  8  analyses,  while  our  average,  founded  upon  26  determina- 
tions, amounts  to  2*1 ;  but  Peligot  obtained  much  larger  quantities : 
In  Hyson  2-4  and  2-56  per  cent. ;  in  a  mixture  of  equal  parts  of  Gun- 
powder, Kaisou,  Caper  and  Kaisow  tea,  27  ;  in  Gunpowder  tea  3-5 
and  4-1  per  cent.,  and  even  6-21  per  cent.,  of  which  3-84  per  cent, 
crystallised  out  from  the  concentrated  solution,  and  2-37  were  obtained 
by  precipitation  with  tannic  acid.     Many  of  these  numbers  are 
olDviously  too  hi^h,  and  Peligot  must  have  obtained,  one  would  sup- 
pose, the  theine  in  an  impure  state.                                .         t  ^ 

The  quantities,  however,  present  in  tea,  as  wiU  be  seen  by  the  tol- 
lowing  table,  vary  greatly ;  but,  as  a  rule,  green  teas  contain  more  than 
black!'  It  does  not  appear  that  any  strict  relation  exists  between  the 
amoimt  of  theine  present  and  the  quality  of  tea. 


Quantities  of  Theine  in  Genuine  Teas. 


Ankoi  Congou 
Pekoe  Congou 
Pekoe  Souchong 
Assam  Souchong 
Pekoe  Souchong 
Moning  Congou 
Kaisou  Congou 
Orange  Pekoe 
Mixed  Black 

"  "i 
Pure  Black  . 


BlacV 

1-57 

Mixed   .      .      .  • 

3-04 

Assam  broken 

2-13 

Ranioo  broken 

1-36 

Broken  Orange  Pekoe  . 

1-61 

Kumaon  Young  Hyson  . 

1-83 

Ramoo  Pekoe 

2-31 

Eamoo  Pekoe  Souchong 

1-90 

Black  tea      .      •  • 

2-08 

2-73 

Average 

vn 

Black 
1-58 
1-66 

1-  93 

2-  05 
2-37 

,  2-80 
,  2-29 
,  2-53 

.  2-08 
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Pearl  Gunpowder 
MoTOue  Hyson 
Mixed  Green  . 


Green 

1-  61 

2-  59 

1-  08 

2-  35 


Foo  Chow  Caper 
Green  tea 


Green 
.  2-59 
.  2-79 

Average    .  2-17% 


The  volatile  oil  is  uot  present  in  fresh  tea,  but  is  developed  in  the 
course  of  drying  and  roasting.  It  is  of  a  lemon  colour,  readily  solidi- 
fies, and  hecomes  resinous  on  exposui-e  to  the  air.  It  is  to  it  that  the 
aroma  is  mainly  due.  The  amoimt  present  in  tea  is  stated  to  be 
about  1  per  cent.,  a  statement  we  consider  to  be  open  to  much  doubt. 

The  ash  of  tea.—T]iQ  question  of  the  quantity  and  composition  of 
the  ash  of  tea  possesses  considerable  importance  in  relation  to  the  age 
quahty,  and  piu-ity  of  the  tea.    We  will  first  refer  to  the  weight  of  the 
ash  of  genuine  tea,  both  black  and  gi-een.    To  determine  this  point  we 
have  made  numerous  observations,  a  few  of  which  we  here  introduce  •— 


Genuine  Black  Tea. 


Broken  leaf  . 
Congou  . 
Assam  broken 
Java  Souchong 
Moning  Congou 
Black  tea 


Ankoi  Congou 
Pekoe  Congou 
Assam  Souchong 
Pekoe  Souchong 
Moning  Congou 
Kaisou  Congou 


5-34 
5-23 
5-86 

5-  63 
G-03 

6-  03 
6-05 
5-96 
5-63 

5-  43 

6-  10 
6-70 
6-71 
6-46 


Scented  Orange  Pekoe 
Black  tea 


Assam 
Congou 


Black  tea 
Broken  leaf 


Ramoo  Pekoe  Souchong 
Ramoo  Pekoe 


Average 


5-78 

5-  76 

6-  10 
5-07 
5-83 
5-70 

5-  82 

6-  06 
6-50 
5-24 

5-  72 

6-  78 


Pearl  Gunpowder  . 
Moyune  Hyson 
H)son  . 
Green  tea 

Uneoloured  China  tea 
Oolong  . 

Kumaon  Young  Hyson 


Unfaeed  Green  Tea. 


5-  86 

6-  30 

5-  24 

6-  42 
5-13 
5-93 
5-66 


Japan  Oolong 
Java  Young  Hj'son 


Green  tea 


Avers 


5-78 
5-90 

5-  61 

6-  40 

5-75 


_  From  these  determinations  it  appears  that  the  lowest  ash  met  with 
'l,  ^"2^  ^igl^est  6-71  per  cent.,  and  the  mean  of 

au  0  /  8  ;  while  in  green  teas  the  ash  ranged  from  6-13  per  cent  to  6-42 
per  cent,  the  mean  being  6-75.    It  will  be  seen  that  a  few  of  the 

?nte  oT'^f  Hf''  f  <=^Pt--%  ^^^^^  it  iB  quite  possible  that 
in  these  cases  a  little  extraneous  matter  may  have  found  its  way  into 
the  teas,  but  we  have  thought  it  best  not  to  exclude  them  from  ?he 
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taUes.  Perliaps,  after  all,  a  more  certain  datum  of  the  genuineness  of 
the  tea  than  the  ash  would  he  the  amount  of  extraneous  silica  which 
it  contains. 

It  is  of  consequence  to  notice  that  the  ashes  of  genuine  and  pure 
teas  are  entirelj'  non-magnetic.  It  will  he  seen  from  the  following 
tables  that  the  quantities  of  iron  and  extraneous  silica  in  genuine  black 
and  green  teas  vary  considerably,  the  average  of  the  iron  being  0-12  and 
of  the  silica  0-61  in  the  black,  while  in  the  green  teas  the  averages  are 
0-16  and  0-41.  In  the  iaced  gi-een  teas  it  is  curious  to  observe  that 
the  average  percentage  of  iron  is  so  little  increased,  but  the  amount  of 
silica  is  aug-mented  to  the  extent  of  one-third. 

Genuine  Black  Teas. 


1 

Name.  j 

Ash. 

Silica. 

Iron. 

Black  

Broken  leaf 

Ramoo  Pe'kne  Souchong  . 
Ramoo  Pekoe 

Ramoo  broken  Orange  Pekoe 
Ramoo  broken  leaf 
Moning  Congou 
Canton  Orange  Pekoe 

5-  82 

6-  06 
5-50 
5-24 
5-72 
5-70 
5-65 
5-06 
5-75 

0-33 

0-28  ■ 

0-18 

0-59 

0-67 

0-66 

0-74 

0-74 

0-43 

0-17 
0-14 
0-12 
0-09 
0-12 
0-08 
0-11 
0-17 
0-10 

Average 

5-61 

0-51 

0-12 

Omitting  the  four  samples  of  Ramoo  or  Indian  teas,  the  average 
percentage  of  silica  in  the  Chinese  teas  amounts  to  only  0-30  per  cent. 

Unfaced  Green  Teas. 

Name. 

Ash. 

Silica. 

Ircn. 

Green        .      .      •  • 

Uncoloured  China 

Oolong       .      .      .  • 

Kumaon  Young  Hyson 

Japan  Oolong 

Java  Young  Hyson   .    ,  . 

Ditto  

Green        .      .      •  • 

6-42 
.5-13 

5-  93 

6-  66 
5-78 
5-90 

5-  61 

6-  40 

0-37 
0-14 
0-77 
0-36 

0-21 
0-11 
0-24 
0-10 

■ 

fi-73 

0-41 

016 

It  will  thus  be  seen  that  the  ash  of  imcolom-ed  green  teas  coiTe- 
Bponds  closely  in  weight  and  in  the  amount  of  rron  present  ^ath  that 
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of  g-enuiue  black  tea.  If  the  Oolong"  be  omitted,  the  iron  and  extra- 
neous silica  are  rather  less  than  in  black  tea. 

It  appears  from  the  analyses  of  ZoUer,  reported  in  'Liebio-'s 
Anualen, '  that  the  age  of  tea-leaves  may  be  determined  from  the 
analysis  of  the  ash— a  fact  of  much  interest  and  of  considerable  value. 
Thus  young  leaves,  of  which  the  best  teas  consist,  contain  much  larger 
amoimta  of  potash  and  phosphoric  acid  than  the  older  leaves,  which 
are  comparatively  deficient  therein,,  while  they  become  richer  with  age 
in  lime  and  silica. 

Much  potash  and  phosphoric  acid,  with  little  lime  and  silica 
indicate,  therefore,  good  tea ;  the  reverse  bad  tea.  The  ash  of  a  sample 
of  yoimg  tea  gi-own  in  the  Himalayas  amounted  to  6-63  grains  per  cent 
and  It  contained  in  100  parts  39-22  of  potash,  4-24  of  lime,  4-38  of 
oxide  of  iron,  4-35  of  silica,  and  14-65  of  phosphoric  acid.  From  the 
same  sample  of  tea  4-94  per  cent,  of  theine  were  obtained,  and  13-7  of 
proteine  compoimds. 

The  following  table  of  the  analysis  of  the  tea  ash  is  from  '  Watts's 
Dictionary :' — 


Soda 
Potash  . 
Magnesia 
Lime 

Oxide  of  iron 
Oxide  of  maniranese 
Phosphoric  acid 
Sulphuric  acid 
Sihcic  a-nd 
Carbonic  acid 

Chloride  of  sodium 


bo  ^ 

a  g 

X  § 
S  ° 
g  a 

o  rn 


2.5-46 
3-70 
9-69 

11-  36 
8-42 

12-  62 
10-14 
16-04 

2-40 


be. 


Ash  per  cent  of  dry 
substance  . 


99-73 
5-48 


1-  70 
44.9G 

8-41 
8-77 
6-80 

11-46 
6-96 
8-79 

2-  15 


100-00 
6-11 


Oolong. 
Tevis. 

Young  Hy- 
son. 
Hague. 

Ning  Yoiuig. 
Homer. 

Dry  aqueous 

extract. 
Lehmann. 

Himalaya 
tea. 
Zbller. 

Spent  leaves. 
ZbUer. 

40-00 
12-38 

6-  17 

7-  68 
7-18 

9-26 
33-95 
6-79 
8-17 
4-75 

12-88 
28-38 

8-39 
19-31 

5-  03 
47-45 

6-  84 
1-21 
3-29 

0-65 
39-22 
6-47 
4-24 
4-38 

0-69 
7-34 
11-45 
10-76 
9-53 

8-2G 
8-27 
7-81 

16-64 
4-89 
10-89 

17-44 

4-  76 

5-  59 

0-71 
9-88 
8-72 
2-31 

1-03 
14-56 
trace 

4-35 

1-97 
25-41 
trace 

7-67- 

10-09 

24-30 

25-28 

2-25 

4-66 

3-25 

3-62 

0-81 

chlorine 

j  trace 

00-00 

100-00 

100-00 

99-18 

100-00 

100-00 

5-14 

5-94 

4-73 

19-69 

«f  ^?  be  seen  that  Lehmann  gives  manganese  as  a  constituent 
01  the  asii  -,  this,  like  iron,  is  of  constant  occurrence.  Fleitman  in 
an  infusion  of  70  grammes  of  Pekoe  tea,  is  stated  to  have  met  with 

"irntVexcessU"' '"^^  ^^'^^'^ 
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THE  PROPERTIES  OF  TEA. 

Tea  owes  its  properties  mainly  to  the  tannin,  the  theine,  and  the 
volatile  oil.  The  tirst  gives  it  astring-ency ;  the  second  stimulates  hoth 
the  vascular  and  nervous  systems,  and  subsequently  produces  narcotic 
effects  •  while  the  third  not  only  acts  as  a  stuuiilant,  but  imparts  the 
aroma,' which  is  so  characteristic  of  g-ood  tea  and  which  is  so  srrateM 
to  many.  Tea  exerts  its  power  chiefly  on  the  nervous  system.  It 
excites  the  activity  of  the  brain  and  stimulates  the  flow  of  thought ; 
but  in  excess  produces  sleeplessness,  anxiety,  trembling,  and  sometimes 
even  spasm.  It  increases  a  little  the  action  of  the  heart,  and  also  the 
insensible  perspiration.  The  pulmonary  carbonic  acid  is  also,  according 
to  E  Smith,  increased,  but  the  question  as  to  whether  the  m-ea  is 
augmented  or  diminished  appears  as  yet  undecided.  The  coimuon 
befief  is  that  it  is  decreased.  Liebig  and  Lehmann  both  found  it  to  be 
increased,  but  Boker,  on  the  other  hand,  states  that  it  is  dumnished. 

Pereira  in  his  'Materia  Medica,' remarks :  'Another  quality  pos- 
sessed especiaUy  by  green  tea  is  that  of  diminishing  the  tendency  to 
sleep  Tea  appears  to  possess  a  sedative  influence  with  regard  to  the 
vascular  system.  Strong  green  tea  taken  in  large  quantities  is  capable 
in  some  constitutions  of  producing-  most  distressing  feehngs,  and  ot 

operating  as  a  narcotic. '  .  ,     .        -vi  • 

Professor  Johnston  writes:  'It  exhilarates  without  sensibly  m- 
toxicatino-.  It  excites  the  brain  to  increased  activity,  and  produces 
wakeMness.  Hence  its  usefulness  to  hard  students ;  to  those  who  have 
vie-ils  to  keep,  and  to  persons  who  have  to  laboui-  much  with  the  head. 
It^soothes,  on  the  contoiy,  and  stills  the  vasculai-  system,  and  hence 
its  use  in  inflammatory  diseases  and  as  a  ciu-e  for  headache  Green  tea 
when  taken  strong  acts  very  powerfully  upon  some  constitutions,  pro- 
rcin' nervous  ti^emblings 'and  other  distressing  symptoms,  acting  as  a 
narcotic  and  in  inferior  animals  even  producing  paralysis.  Its  excitrn^ 
Xct  Son  the  nerves  makes  it  useful  in  coimteracting  the  eftects  of 
opiSi  and  of  fermented  liquors,  and  the  stupor  sometmies  induced  by 

With  reference  to  the  action  of  the  volatile  oil  Trot  Johnston 
observes  'That  it  does  exert  a  powerful,  and  most  hkely  a  narcotic 
inflrnce  is  rendered  probable  by  many  k-nown  facts.  Among  them  I 
l^iSon  tie  headaches^nd  giddiness  to  which  tea-taste,  are  sv^ject; 
the  attacks  of  paralysis  to  which  after  a  few  yeai^  those  wlio  a,re 
emploTedta  packing'and  mipacMng  chests  of  tea  ai^  found  to  be  hable, 
and  the  circmnstance  already  alluded  to,  that  inChma  tea  is  rarely 
^^d  Snt  is  a  year  old,  because  of  the  peculiar  intoxicating  propei;ty 
^Hch  new  te^Vos'sLs.'  The  eflect  of  this  keeping  upo-  m^ 
chiefly  ^0^1^^^^  J^Xtt  tl*  outLS 

dSp-otbt  IjtTt  taUhe  similar,  oil  of  coflee  has  been  fo^ind 
by  experiment  to  possess  narcotic  properties. 
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The  operation  of  the  second  active  constituent  of  tea,  Theine,  has 
been  determined  by  experiment.  In  the  quantity  in  which  it  is  daily 
consumed  by  most  tea-drinkers— that  is  to  say,  some  four  or  five  grains, 
ordinarily  pi-esent  in  about  half  an  ounce  of  good  tea— it  has  been  found 
to  diminish  the  waste  of  tissue,  the  necessity  for  food  to  repair  the 
waste  being  lessened  in  an  equal  proportion ;  one  of  the  effects  of  tea  is 
therefore  to  save  food. 

If  an  ounce  of  tea  of  good  quality  be  daily  partaken  of,  which 
would  contain  from  8  to  10  grains  of  theine,  the  pulse  is  rendered 
more  frequent,  the  action  of  the  heart  stronger,  trembling  ensues,  and 
there  is  a  perpetual  inclination  to  mictm-ition.  'At  the  same  time 
the  imagination  is  excited,  and  after  awhile  the  thoughts  wander, 
visions  begin  to  be  seen,  and  a  peculiar  state  of  intoxication  comes  on. 
All  these  symptoms  are  followed  by  and  pass  off  in  deep  sleep.' 

It  is  evident,  therefore,  that  the  effects  of  strong  tea  are  attributable, 
in  a  gi-eat  measure,  to  the  theine  therein  contained. 

The  third  active  principle  of  tea,  the  tannin  or  tannic  acid,  causes 
the  infusion  to  exert  a  slightly  constipating  effect  upon  the  bowels. 

A  fourth  not  unimportant  constituent  of  the  tea-leaf  is  gluten, 
which  sometimes  forms  no  less  than  one-fourth  of  the  weight -of  the 
dried  leaf.  ZoUer  found  in  a  sample  which  he  tested  13-7  per  cent,  of 
gluten,  while  we  have  obtained  from  15-5  in  black  to  24'4  in  gi-een  tea. 

As  tea  is  consumed  in  this  coimtiy  the  benefit  of  the  gluten-  is  in  most 
cases  lost,  since  it  is  not  dissolved  by  the  hot  water,  but  remains  in 
the  leaves,  with  which  it  is  thrown  away;  but  if  soda  be  used, 
much  of  the  gluten  is  dissolved  and  vnU  then  be  consumed  with  the 
infusion.  In  some  coimtries  the  tea-leaves  from  which  the  infusion 
has  been  made  are  themselves  eaten,  and  in  this  way  the  whole  of  the 
properties  of  the  tea  are  seciu'ed.  Amongst  the  J apanese  the  leaves 
are  ground  to  powder  and  drank  with  the  infusion.  The  more 
wealthy  Chinese  simply  infuse  the  leaves  in  a  porcelain  cup,  fiu-nished 
with  a  cover  ;  the  leaves  for  the  most  part  sink  to  the  bottom  of  the 
cup,  but  occasionally  a  few  float  and  rise  to  the  surface.  To  prevent 
this  inconvenience  a  thin  piece  of  silver  filagree-work  is  sometimes 
placed  upon  the  leaves. 

It  appears  that  in  China,  tea  is  the  common  beverage  of  the  people. 
The  late  Sir  George  Staunton  informs  us  'that  tea,  like  beer  in 
England,  is  sold  in  public  houses  in  every  town  and  along  public  roads, 
and  the  banks  of  rivers  and  canals  ;  nor  is  it  unusual  for  the  burdened 
and  weary  traveller  to  lay  down  his  load,  refresh  himself  with  a  cup 
of  warm  tea,  and  then  pursue  his  joiu-ney.' 

Lo-Yu,  a  learned  Chinese,  who  lived  in  the  dynasty  of  Tang, 
A.D.  618  to  906,  gives  the  following  agreeable  account  of  the  qualities 
and  effects  of  the  infusion  of  the  leaves  of  the  tea-plant : — '  It  tempers 
the  spirits  and  harmonizes  the  mind ;  dispels  lassitude  and  relieves 
fatigue  ;  awakens  thought  and  prevents  drowsiness,  lightens  or  re- 
freshes the  body,  and  clears  the  perceptive  faculties.' 


106 


TEA  AND  ITS  ADULTERATIONS. 


THE  ANALYSIS  OF  TEA. 

It  has  already  been  stated  that  the  chief  constituents  of  tea  consist 
of  chlorophylle,  gum,  glucose,  gluten,  cellulose,  tannin,  theine,  volatile 
oil  and  mineral  matter. 

For  the  purpose  of  estimating  the  soluble  constituents  of  tea,  the 
leaves  must  he  thoroughly  exhausted  by  boiling  with  repeated  quan- 
tities of  distilled  water  until  the  infusion  is  no  longer  coloured  and 
ceases  to  yield  on  evaporation  any  solid  residue.  The  different  infu- 
sions thus  obtained  are  mixed  together  and  reduced  by  evaporation  to 
a  certain  bulk.  One  portion  is  evaporated  with  magnesia  to  diTuess 
on  the  water  bath,  the  magnesia  being  used  to  neutralise  the  tannic 
acid  and  to  set  the  theine  free :  and  in  this  the  theine  is  estimated 
in  the  manner  to  be  hereafter  described. 

Another  quantity  of  the  infusion  is  mixed  with  spirits  of  wine, 
to  precipitate  the  gum,  while  a  third  quantity  is  taken  for  the  estima- 
tion of  the  tannin. 

The  insoluble  portion  of  the  leaves  is  dried  and  weighed ;  the 
difference  in  the  weight  as  compared  with  the  original  quantity  taken 
gives  the  proportion  of  the  constituents  soluble  in  water. 

For  the  determination  of  the  nitrogenous  ??ifftte?-,  sometimes  termed 
Legiuuin,  a  separate  portion  of  tea  must  be  taken,  and  a  combustion 
analysis  for  nitrogen  made,  the  amount  of  nitrogen  present  in  the 
theine  being  deducted  from  the  total  amount  obtained.  The  remaining 
nitrogen,  multiplied  by  6"3.3,  gives  the  proportion  of  nitrogenous  matter 
or  gluten. 

The  usual  soda-lime  process  does  not  fm-nish  the  whole  amoimt  of 
nitrogen,  since  the  theine  yields,  on  heating  with  allialies,  some  cyanide, 
which  of  com-se  would  not  be  obtained  as  ammonia.  The  oxide  of 
copper  combustion,  although  exact,  involves  a  very  gi*eat  deal  of  trouble 
and  labour.    We  give  the  following  outlines  of  the  process : — 

0-2  to  0-5  gi-amme  of  tea  are  mixed  intimately  with  recently 
ignited  oxide  of  copper.  A  combustion  tube,  drawn  out  in  the  usual 
way,  is  first  charged  for  the  lengih  of  4  inches  with  a  mixtm-e  of 
bicarbonate  of  soda  and  of  bichromate  of  potash,  then  with  a  few 
inches  of  pme  oxide  of  copper,  then  with  the  mixtm-e  containing  the 
tea,  then  with  another  layer  of  pure  oxide  of  copper,  and  lastly  with 
a  spiral  of  metallic  copper.  The  air  contained  in  the  tube  is  first 
driven  out  by  heating  the  layer  of  bicarbonate  of  soda,  and  thus  gene- 
rating carbonic  acid.  The  gases  produced  by  the  combustion  of  the 
tea-mixture  are  collected  over  merciu-y,  freed  fi-om  carbonic  acid  by 
means  of  caustic-potash  solution,  and  the  nitrogen  is  measm-ed,  atten- 
tion of  course  being  paid  to  the  temperature,  pressure  of  the  air,  and 
the  moisture  of  the  gas ;  for  all  of  which  circumstances  tables  have 
been  specially  prepared. 

For  the  estimation  of  the  water  and  the  ash  a  separate  portion 
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must  he  taken  ;  the  tea  should  he  di'ied  on  a  water  hath  ;  the  loss  re- 
presents the  water ;  the  residue  is  incinerated  and  the  ash  weighed. 

For  the  estimation  of  the  volatile  oil  a  considerable  quantity  of  tea 
must  he  operated  upon.  This  must  he  distilled  with  water  and  the 
distillate  received  into  a  cool  receiver  ;  the  oil  should  he  found  floating 
on  the  sui'face  of  the  water.  We  may  state,  however,  that,  in  certain 
attempts  we  have  made,  we  have  failed  to  ohtain  any  weighahle 
amount  of  the  oil ;  the  distillate  had  the  odour  of  tea,  hut  no  oil 
di'ops  were  ^dsihle.  Such  is  a  hrief  outline  of  the  processes  to  he  adopted 
in  the  analysis  of  tea.  The  estimation  of  the  sugar  and  chlorophylle 
are  exceedingly  difficult,  the  tannin  decomposing  into  sugar  and  gallic 
acid,  and  hence  reducing  the  copper  solution  in  the  same  manner  as 
sugar.  They  are  seldom  if  ever  required,  and  therefore  it  is  unneces- 
sary to  give  any  details  respecting  their  determination. 

To  resimie.  For  the  infusion  from  which  the  theine,  gum  and 
tannin  are  to  he  estimated  take  five  grammes  of  tea ;  for  the  combustion 
half  a  gramme,  and  for  the  estimation  of  water  and  ash  three  grammes. 

Of  the  infusion  of  the  five  gi'ammes  reduced  to  a  bulk  of  500  cc, 
300  cc.  are  used  for  the  estimation  of  the  theine,  100  cc.  for  the  gum,  and 
the  last  100  cc.  for  the  tannin. 

The  estimation  of  the  Theine. — The  theine  may  be  conveniently 
and  simply  estimated  by  Mulder's  process,  which  is  thus  can-ied  out : 
The  300  cc.  of  the  solution  are  to  be  evaporated,  wdth  the  addition 
of  some  magnesia,  to  dryness ;  the  residue  is  then  finely  powdered  and 
transferred  to  a  flask,  capable  of  holding  about  200  cc. ;  30  cc.  of  ether 
are  pom'ed  over  it,  and  allowed  to  digest  for  two  days,  with  occasional 
shaldug.  The  ether  is  then  heated  to  boiling  and  poured  into  a  small 
weighed  flask.  The  residue  is  heated  two  or  three  times  with  suc- 
cessive quantities  of  ether,  until  this  on  evaporation  ceases  to  fiu-nish 
any  crystalline  deposit  of  theine.  These  several  quantities  are  added 
to  the  first  quantity  of  ether  employed,  and  the  whole  is  evaporated 
on  the  water-bath  to  dryness.  The  theine  is  left  in  a  crystalline 
condition,  and  is  then  weighed  together  wdth  the  flask. 

The  difficulty  of  the  solubility  of  theine  in  ether  has  suggested  to 
Mr.  Otto  Hehner  a  modification  of  this  process.  In  this  absolute 
alcohol  is  used  as  a  solvent,  theine  being  much  more  soluble  in  this 
menstruum.  The  alcohol  by  boiling  extracts  not  only  all  the  theine,  but 
a  small  quantity  of  other  substances  which  are  to  be  thus  removed.  The 
alcoholic  solution  is  evaporated  on  the  water  bath  to  a  few  drops  and 
ether  is  added  ;  this  precipitates  the  foreign  substances,  but  does  not 
now  throw  down  the  theine,  since  it  is  already  in  a  state  of  solution. 
The  etliereal  solution  is  evaporated  and  the  theine  in  the  manner 
described  above.  Of  coiu-se,  it  is  necessaiy  to  thoroughly  exhaust  the 
extractive  matter  by  treatment  with  two  or  three  successive  quantities 
of  alcohol. 

Another  method,  but  one  involving  more  time  and  trouble,  is  the 
following,  as  proposed  by  P^ligot.   The  tea'  is  exhausted  with  boiling 
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"water,  and  subacetate  of  lead  is  added  in  excess  to  tlie  solution  to 
recipitate  the  tannin,  gum,  and  coloiu'iug  matter.  The  mixture  is 
oiled  for  some  time,  filtered,  and  the  precipitate  carefully  washed  on  the 
filter  with  boiling  water.  The  filti'ate  is  freed  from  lead  by  a  current 
of  sulphuretted  hydrogen,  and  after  a  second  filtration  evaporated  at  a 
gentle  heat.  It  yields,  on  cooling,  a  crop  of  crystals  of  nearly  pure 
theine,  containing  one  molecule  of  water  of  crystallisation  ;  an  addi- 
tional quantity  being  obtained  by  concentrating  the  mother  liquor  and 
leaving  it  to  crystallise.  The  theine  thus  obtained  is,  however,  less 
pure  than  that  separated  by  the  first  process,  and,  moreover,  a  portion 
still  remains  in  the  mother  liquor.  These  objectiojis  may  be  obviated 
by  evaporating  the  watery  solution  to  dryness  and  boiling  with  a 
sufficient  quantity  of  ether.  But  this,  of  course,  adds  much  to  the 
time  and  trouble  involved. 

Stenhouse  has  recommended  for  the  estimation  of  theine  the  pro- 
cess of  sublimation,  this  alkaloid  being  volatile.  The  dried  and 
powdered  extract  is  subjected  to  heat,  and  the  theine  becomes  deposited 
in  a  paper  cone  placed  over  it ;  we  believe,  however,  that  it  is  not 
possible  to  obtain  the  whole  of  the  theine  present  by  this  procedure. 

Estimation  of  Tannin. — The  tannin  may  be  estimated  by  one  or 
other  of  the  following  processes.  It  may  be  precipitated  by  means 
of  a  titrated  solution  of  gelatine  and  alum,  as  recommended  by 
Miiller,  from  the  aqueous  solution  of  the  tea  evaporated  to  a  certain 
standard.  One  cc.  of  the  gelatine  solution  should  correspond  to  0"01 
gi'amme  of  tannin.  Or  the  quantity  of  tannin  may  be  determined  by 
the  weight  of  the  precipitate,  100  parts  of  which  contain  40  parts  of 
tannin.    Neither  of  these  processes  furnishes  very  exact  results. 

Ml-.  Allen  i-ecently  proposed  in  the  Chemical  Netvs  a  method  for  the 
estimation  of  tannin  in  tea  by  means  of  a  solution  of  acetate  of  lead, 
using  as  indicator  an  ammoniacal  solution  of  ferricyanide  of  potassium. 
Five  grammes  of  acetate  of  lead  are  dissolved  in  1  litre  of  water,  and 
the  exact  streng-th  of  the  solution  is  determined  by  means  of  a  standard 
solution  of  tannin.  Two  grammes  of  tea  are  exhausted  Avith  boiling 
water,  and  the  infusion  is  made  up  to  250  cc.  Ten  cc.  of  the  standard 
lead  solution  are  measiu-ed  into  a  beaker,  and  diluted  with  90  cc.  of 
water.  The  tea  infusion  is  added  from  a  bm'ette  as  long  as  any  precipi- 
tate is  thrown  down  ;  a  small  portion  is  filtered  and  tested  with  a  drop 
of  a  weak  ammoniacal  ferricyanide  solution.  A  red  coloration  indi- 
cates that  all  the  lead  is  precipitated,  and  that  tannin  is  in  solution. 
From  the  volume  of  lead  solution  used  the  quantity  of  tannin  is 
calculated. 

Another  method,  which  has  the  advantage  of  being  easy  and 
quick  of  execution  if  a  gi-eat  number  of  estimations  are  to  be  made, 
has  been  proposed  by  Lowenthal.  We  give  it  in  its  modified^  and 
improved  form  as  described  by  Neubauer,  '  Zeitschrift  fiii-  Analytische 
Ohemie,'  X.  It  is  based  upon  the  fact  that  tannic  acid  is  destroyed  by 
the  action  of  a  solution  of  permanganate  of  potash,  a  solution  of  indigo 
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"being  at  the  same  time  emploj-ed  to  indicate  by  its  decolorisation  the 
oxidation  of  the  last  trace  of  tannic  acid. 

The  following  are  the  solutions  required  for  the  execution  of  the 
method : — 

1.  A  Solution  of  Sulphate  of  Indigo.  30  grammes  of  pure  sulphate 
of  indigo  are  dissolved  in  distilled  water,  the  solution  is  filtered,  and 
diluted  to  1  litre.  This  solution  decomposes  very  easily  hy  the  action 
of  a  peculiar  fungus  ;  it  is  test  therefore  to  heat  the  solution  in  closed 
bottles  in  the  water-bath  to  about  70°  0,  by  which  operation  the  germs 
of  the  fungus  are  destroyed,  and  the  liquid  keeps  an  indefinite  period 
of  time.  The  indigo  must  be  veiy  pure,  and  ought  not  to  contain  any 
indigo-red. 

2.  A  Solution  of  Pure  Tannic  Acid.  Two  grammes  of  tannin  of  the 
purest  description,  dried  at  100°  0.,  are  dissolved  in  1  litre  of  water. 
The  tannin  must  be  perfectly  white,  and  if  possible  chemically  pure. 
If  it  cannot  be  obtained  in  a  state  of  purity,  the  following  method  will 

be  foimd  to  be  convenient  for  the  estimation  of  its  strength :  Three 

gi-ammes  of  the  dried  substance  are  dissolved  in  250  cc.  of  water. 
The  specific  gi-avity  of  this  solution  is  estimated  at  15°  C.  by  means  of 
a  specific  gravity  bottle.  Tables  have  been  constructed  for  the  solu- 
tions of  tannin  of  different  strength,  one  of  which  will  be  found  in 
Fresenius'  '  Quantitative  Analysis.'  From  these  tables  the  quantity 
of  tannin  is  obtained.  160  cc.  of  the  solution  are  now  to  be  freed  from 
tannin  by  the  action  of  weU-washed,  dried  and  powdered  skin.  The 
specific  gi-avity  of  the  liquid  after  this  treatment  is  then  taken,  the 
tables  again  consulted,  and  the  quantity  of  tannin  correspondino-  to 
this  second  specific  gi-avity  is  subtracted  from  the  amount  obtamed 
from  the  fu-st  specific  gravity.  Supposing  we  find  in  the  250  cc. 
2-9.3  grammes  of  pure  tannin,  then  the  crude  tannin  employed  contains 
97'33  per  cent,  of  pm-e  tannin. 

3.  A  Solution  of  Permanganate  of  Potash,  of  such  strength  that 
20  cc.  of  the  solution  of  indigo  require  from  12  to  14  cc.  of  the  perman- 
ganate, and  10  cc.  of  the  standard  tannin  solution  containing  0.2  per 
cent,  of  tannin,  require  from  9  to  10  cc.  A  solution  of  such  strength  is 
obtained  by  dissolving  10  grammes  of  piu-e  crystallised  permanganate 
of  potash  in  6  litres  of  water. 

4.  Dilute  Sulphuric  Acid. 

The  operation  of  the  method  is  as  follows  :— 20  cc.  of  the  indigo 
solution  are  diluted  with  |  litre  of  distilled  water,  10  cc.  of  dilute  sul- 
phuric acid  are  then  added,  and  the  beaker  containing  the  blue  liquid 
18  placed  upon  a  white  sheet  of  paper.  The  permanganate  solution  is 
now  added  from  a  Gay-Lussac  burette  drop  after  drop,  with  constant 
vigorous  stirring  of  the  liquid.  The  deep  blue  colour  of  the  solution  is 
changed  into  dark  green,  which  soon  tiu-ns  into  light  gi-een,  and  after- 
wards yellowish  green.  A  drop  or  two  more  of  the  permanganate  solu- 
tion cause  the  appearance  of  a  brightgolden  yellowcolour,  when  the  reac- 
tion 18  finished,  and  the  volume  of  the  permanganate  used  is  read  off.  20 
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cc.  of  the  indigo  are  then  diUited  exactly  as  before  to  f  of  a  litre ;  and, 
moreover,  10  cc.  of  the  standard  tannin  solution  are  added.  As  above 
described,  the  permanganate  solution  is  di'opped  into  the  liquid 
until  the  golden  yellow  colom-  appears.  From  the  number  of  cc.  used, 
the  quantity  of  permanganate  required  for  the  oxidation  of  the  20  cc.  of 
indigo  solution  is  subtracted,  and  thus  the  amount  of  permanganate 
is  obtained  vehich  is  necessary  for  the  oxidation  of  10  cc.  of  the  standard 
tannin  solution.  The  strength  of  the  permanganate  solution  is  thus 
known,  and  of  the  infusion  of  the  tea,  obtained  by  exhausting  2  gi-ammes 
with  successive  quantities  of  hot  water,  and  bringing  the  solution 
up  to  500  cc. ;  50  cc.  aretiti-ated  withthe  addition  of  20  cc.  of  indigo  as 
above  described.  From  the  quantity  of  permanganate  solution^  used, 
the  amoimt  of  tannin  in  the  50  cc.  of  tea  infusion,  and  therefore  in  the 
2  gi-ammes  of  tea,  is  calculated  by  a  simple  rule  of  three  sum. 

There  is  no  doubt  that  other  substances  besides  the  tannin  are 
acted  upon  by  the  permanganate.  Neubauer,  therefore,  removes  the 
tannin  and  the  gallic  acid  from  a  measm-ed  quantity  of  the  infusion, 
by  means  of  animal  charcoal,  and  estimates  the  nuinber  of  cc.  of 
permanganate  requu'ed  for  the  oxidation  of  the  remaining  substances, 
which  he  subtracts  from  the  total  amount  of  permanganate  used  in  the 
first  experiment.  Thus  the  exact  quantity  of  tannin  and  gallic  acid 
is  obtained,  indicating  the  total  astiiugency. 

Mr.  Estcourt  was  the  first  to  employ  Lbwenthal's  method  for  the 
estimation  of  tannin  in  tea.  He  estunates  the  total  astrlngency  as 
above  described :  precipitates  from  another  portion  of  the  infusion  the 
tannin  by  means  of  a  solution  of  gelatine  added  shghtly  in  excess ; 
filters,  and  titrates  the  gallic  acid  in  the  filtrate  with  permanganate  and 
iiid.i*^o. 

Estimation,  of  Gum.— The  gum  may  be  estimated  from  the  aqueous 
solution  evaporated  to  the  consistency  of  a  syrup,  and  ti-eated  with 
strong  alcohol.  The  gimi  is  di-ied  and  weighed,  and  afterwards  bumed 
and  the  ash  deducted,  a  precaution  of  importance  and  one  usually 

neglected.  i      ^  j 

Estimation  of  Cellulose— Two  gi-ammes  of  the  tea  are  exhausted, 
first  with  boiling  water,  then  with  a  one  per  cent,  solution  of  soda, 
and  lastly  with  an  equally  dilute  solution  of  hydrochloric  acid.  The 
cellulose  thus  left  is  dried,  weighed,  and  afterwards  mcmerated.  The 
ash,  if  any  be  found,  is  to  be  subtracted. 

Analysis  of  the  Ash.— It  is  unnecessary  to  describe  m  this  place 
all  the  various  processes  requisite  for  the  full  analysis  of  the  ash ;  the 
details,  if  given,  would  apply  to  the  analysis  of  the  ashes  of  all  other 
plants,  and'the  methods  of  procedm-e  are  well  known  to  chemists.  We 
shaU  confine  ourselves,  therefore,  to  the  determination  of  the  phos- 
phoric acid,  potash,  iron,  and  extraneous  silica,  aU  points  of  import- 
ance in  connection  with  the  question  of  the  quality  and  purity  ot 

'Estimation  of  Phosphwic  Add,— For  the  estimation  of  the  phos- 
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phoric  acid  3  grammes  of  tea  are  incinerated,  and  the  ash  is  dissolved  in 
nitiic  acid.  The  solution  is  evaporated  to  dryness  on  the  water-bath 
to  separate  the  silica  naturally  present  in  the  ash.  The  residue  is 
moistened  with  nitiic  acid,  dissolved  in  boiling  water  and  filtered 
The  filtrate  is  evaporated  to  a  small  bullc,  and  the  phosphoric  acid 
precipitated  with  a  solution  of  molybdate  of  ammonia.  A  yellow  com 
pound,  phosphouiolybdate  of  ammonia,  soon  separates,  especially  on 
gently  heating  the  hquid.  This  precipitate  is  filtered  after  standing 
twelve  hours  and  dissolved  in  ammonia.  To  the  ammoniacal  solution 
is  added  chloride  of  magnesimn,  which  combines  with  the  phosphoric 
acid  forming- phosphate  of  ammonia  and  magnesia,  which  is  separated 
by  filti-ation  biu-nt  and  weio-hed  100  parts  of  this  precipitate  contain 
63-96  parts  of  phosphoric  anhydride,  P^Og. 

mimation  o/ Poto^A.- For  the  purpose  of  estimating  the  potash 
another  3  grammes  of  tea  are  incinerated.  The  ash  is  boiled  with  water 
and  the  watery  solution  filtered.  The  phosphoric  acid  is  then  removed 
by  the  addition  of  some  hme  water.  The  liquid  is  again  filtered  and 
ammoma,  carbonate  of  ammonia,  and  oxalate  of  ammonia  are  added  in 
excess.  After  filtration  the  liquid  is  acidulated  with  hydrochloric 
acid,  evaporated  to  dryness,  and  heated  to  incipient  redness.  Moisten 
agam  with  water,  fUter  evaporate  to  a  smaU  b4,  and  precipitate  S 
a  trong  solution  of  chloride  of  platinum,  which  comLing  with™ 
chloride  of  potassium  forms  potassio-platinic  chloride,  which  is  filtered 
through  a  weighed  filter,  di-ied  and  weighed.  100  mrts  of  this  me- 
cipitate  correspond  to  19-272  parts  of  potassa,  K  0  ^ 

Estnnation  of  Siltca.-FoT  the  estimation  of  the  iron  and  extraneous 
sdica,  the  foUowmg  smaple  method  is  conveniently  employed  The  a  h 
of  6  gTammes  of  tea  is  boiled  with  strong  hydrochloric  acid,  which  £ 
aM  wdgheS!  """"^  "^^^  ^«^^^^^<i  -  -  fiiter,  wLhed 
Jsthnation  of  Iron. -The  filtrate  containing  the  ii-on  in  solution 
partlyas  feme  partly  as  fen-ous  chloride,  is  heated  to  bomni  and 
mxed  with  a  dilute  solution  of  stannous  Chloride,  whL  Ses  aU 
iron  to  the  ferrous  state.  The  completion  of  the  reduction  is  Set^v 
accurate  y  indicated  by  the  liquid  becoming  colourless  A  sohitKn  of 
bichloride  of  mercury  is  added,  to  remove  the  excess  of  the  sSrous 
aSw  f      '^'^^^'"^  °^  bichromate  of  potash  is  now  gSaU^ 

added  from  a  bui-ette  divided  into  tenths  of  a  cubic  centimefrJ 
Successive  drops  of  the  liquid  are  taken  out  with  a  Sass  ^rand 

cwl°°f  '  r''''"'^  ^  ^^^t^''*  ^itl^  ^  s-^all  drop  oFferri- 

cyamde  of  potassium ;  as  long  as  there  is  any  iron  in  the  ferrous  state 
a  blue  coloration  of  ferrous  ferricyanide  will  be  produced    As  fnnn 

7ol^elfZK\  '''''''  *°/PP^^^'  reaction  V  at  an  e^d  •  the 
volume  of  the  bichromate  solution  is  read  ofl=;  from  which  the  onantS 

tka.  1  cc.  of  it  ^capabK  tiiiil^oS'^.Z^Ln^^  '""^^ 
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A  more  detailed  description  of  the  processes  alDove  given  will 
found  in  Fresenius'  work  on  '  Quantitative  Aiialysis 

A  deduction  of  0-5  per  cent,  of  silica  and  of  0-15  per  cent,  of  iron 
lia/to  -be  made  from  the  amounts  of  these  suhstances  found  these 
Swires  representing  the  averages  of  silica  and  iron  presen  ,  m  genuine 
?eaT  hased  upon  the  examination  of  numerous  samples  Zoller 
found  in  the  ash  of  genuine  tea  that  the  feme  oxide  amounted  to4-..8 
of  the  ash,  while  Liebig  foimd  3-29  per  cent. 

THE  ADITLTERATION  OF  TEA. 

Formerly  tea  was  extensively  adulterated  in  this  country  but  in 
con«ea™nce  of  the  gradual  reduction  of  the  duty,  this  practice  has  now 
nearlv  ceased  The  adulterations  resorted  to  were  m  principle  similar 
TanVS  imitation  of  those  so  ingeniously  designed  by  the  Chinese 

'^^:u:S^^'Z:^t%  tJ.  ^...e  maybe  described 
under  the  fom-  following  heads:— 

1.  With  foreign  leaves. 

2.  With  lie-tea. 

P,  With  mineral  substances.  .•  „ 

4.  With  materials  used  for  the  coloration,  painting,  or  facing  of  tea. 

T    With  foreign  J.eaves.-lt  wiU  be  a  satisfaction  to  learn  that  the 
;  1.  Ili;  nf  the  ordinaiT  black  teas,  the  Congous  and  Souchongs,  con- 
^?fe^ ii  tSL  cou^^^^  6-om 'admixture  with  foreign  leaves  and 

sumed  m  ''^^^^^^^'^  n,^  ^  ^  ^  leaves,  when  employed,  are  found 
all  other  adulteratiom  J^^f  .^ten  teas,  and  in  the  lower 

^'"TSi/Va"!  rdl  teas;  in  Twanl.ay  tea  and 

qualitie  of  blad.  ^  ^  ^-g,4ed  hereafter,  extensivelv  employed 
especially  in  an  firticie  to  candidly  designated  bv  the  Chinese 

for  the  adulteration  of  tea  andj^^^^^^  ^^^.^^^^^^ 

themselves  '  Lie-tea.  ^t^^^' f^^^^  ^ith,  from  time  to  time,  con- 
genuine,  J  V'Tni'^f  leaves  o^^^^^^^  of  the  tea-plant.  We 

taining  an  a  jnix^^^^^^  experience  e^^^^^^^  over  many  years,  met  with 
have  ourselves,  in  an  expene"^  cnmraea  •  the  fore  gn  leaves,  how- 
a  not  inconsiderable  mun^er^^f  s^^^^^^^ 

ever,  rarely  ^^7^  7°^l*>jVan  since  in  the  '  Pemiy  Cyclo- 

''''f-'  .Ses  '  Se  oSe  annUly  di^  many  millions  of  pounds  of 
psedia,  states,    ine  ^mne  t  geniune,  as  those  of 

the  leaves  of  P^^^^*^^^^^^^^^        leaves  found  in  parcels  of  bad 

the  ash,  plum,  &c. ,  so  t^^^'' '.P  ^^^ced  into  them  by  dealers  m  this 
tea  must  not  be  supposed  to  be  i^t"''^^^?^,  •  j^^nds  of  the  East 
country.    While  the  tea  ti  de^^^^^^^^^^^^  ,  ,  this 

h^:  iTT^Z'lrtS       .  A^outlet^  and  as  the 
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demand  for  tea  exceeds  the  supply,  a  manufactured  article  is  furnished 
to  the  rival  crews.' 

The  teas,  therefore,  in  which  foreign  leaves  are  liable  to  be  met 
with  are  Congou  and  Souchong,  but  especially  Twankay,  gunpowder 
caper,  and  lie-tea,  which  last  is  made  up  in  imitation  of  these  and  other 
descriptions  of  tea,  and  is  often  used  to  adulteiate  the  ordinary  black 
teas  of  commerce. 


Fig.  23. 


Foreign  Leap  r,-  Lie-tea. 

of  f1;^T  ?^  ^f^^'f  ""^"^  frequently  employed,  in  addition  to  those 
Aj}   fi        ^^'^^-^  le^^es  o{  Camellia  SasanoZ 

Oiloranthm  trwompicum,  and  of  Valonia.  The  brick-tea  oT  tTp' 
Tartars  consiBtB  of  tea-leaves  mixed  with  the  leaves  and  stems  of  tJe 

other  plants,  the  leaves  being  agglutinated  with  bullock's  or  sheep's 
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blood.  The  venation  of  these  leaves,  as  well  as  the  ultimate  structure 
as  revealed  hj  the  microscope,  differ  from  that  of  the  tea-plant.  The 
presence  of  the  leaves  of  Valonia  is  detected  hy  the  acicular  crystals 
observed  imder  the  microscope.  But  other_  vegetable  substances 
besides  foreign  leaves  are  sometmies  met  with  in  adulterated  teas;  in 
.  particular  Paddy  husk.  Again,  some  teas  often  contain  an  undue  pro- 
portion of  sialics. 

Fig.  24. 


Foreign  Leap  in  Lie-tea. 

nf  Ipnf  •  6  lower  surface  ;  c,  chlorophylle  cells  ;  d,  elongated 
«^rt?on  of  one  of  the  branched  and  spinous  hairs  situated  on  the  under 
S^TiX  °f^lilot  iunnenc;  g,b^sment  oi  Prussian  blue  ;  /,  par- 
tides  of  thewhite  'powder. 

n  Adulteration  ivith  Ke-tea.-We  have  already  adverted  to  the  fact 
that  thifai  tide  has  received  the  name  of  '  Ue-tea '  becai^e  it  is  spiu-ious 
Sdforle  most  part  not  tea  at  all.    It  consists  no  doubt  in  some  cases 

rTrt  of  ^he  Li  of  tea-leaves,  but  often  of  foreigii  leaves  sand, 

\r.\  :^nJSc  oxide  of  iron-^^  these  being  made  up  with  gTeat 

^f-i^  '  Tfr.3S  bv  meSs  of  a  solution  of  starch,  into  little  masses 
skill  ^'^d  ingenmty  by  m^^^^  ^^^^ 

llS^nnt^Sor"^^^^^^^^^ 
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Leaf  op  Camellia  Sasanqtja,  found  in  Sample  of  Twankay. 
,  upper  surface  of  leaf,  showing  the  cells  of  which  it  is  composed  ;  B,  under 
surface,  exhibiting  its  cells  and  stomata ;  C,  chlorophylle  cells. 


Fig.  26. 


Leav  op  PLOjr,  found  in  sample  of  Twankav. 
A,  upper  surface  of  leaf;  li,  under  surface  ;  C,  chlor'ophyUe  cells 
*  I  2 
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being  unfaced,  but  if  designed  to  imitate  caper  or  Shulan  tea,  being 
coated  with  plumbago  or  black  lead,  and  if  gunpowder,  with  Prussian 
blue,  turmeric,  China  clay,  or  other  white  mineral  powder.  _ 

The  cleverness  exhibited  in  the  manufactm'e  of  the  different  kinds 
of  lie-tea  is  something  really  siu'prising,  and  so  close  is  the  imitation  in 
many  cases  that  much  practice  and  skill  are  required  for  its  detection. 
The 'better  descriptions  of  lie-tea  consist  of  the  dust  of  tea  only,  made 


up  into  little  masses,  or  of  this  dust  mixed  with  that  of  foreign  leaves ; 
but  the  exeat  bulk  of  the  lie-tea  encountered  is  compounded  ot  tea- 
dust,  with  sometimes  the  dust  of  foreign  leaves  and  largB  quantities  ot 
mmend  matter,  of  which  ulex  and  magnetio  oxide  of  won  lorm  a 
considerable  proportion,  the  masses  or  peUets  being  artihciaUy  coloui-ed 
or  coated  with  the  substances  which  have  been  already  enumerated. 
The  following  analyses,  selected  from  many  others,  which  we  have 
made  from  tiSie  to  time,  will  serve  to  show  the  amoimt  of  mineral 
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matter  contained  in  this  article,  as  well  as  the  quantities  found  in  a  few 
teas  recently  examined  by  us. 


Percentage  of  Md,-eiiai  IIatteh  in 
Lie-tea. 


Black  tea. 


Orange  ) 
Pekoe  j" 
Capers 


Mixed  teas 


28-18 

31-40 

25-  91 
33-43 
f>2-92 
23-34 
17-70 
49-76 
13-05 
36-46 
27-20 

26-  38 

23-  83 
45-70 
15-35 
15-28 

24-  89 
17-61 
23-98 
26-84 
40-86 
22-11 
20-30 


Green  tea. 


Gunpowder  14-87 

23-  82 
13-13 
19-76 
35-92 

28-  43 

24-  63 
46-01 
39-97 
30-34 
34-66 

29-  30 
32-61 
42-06 
46-62 

Mixed  teas  56-34 
„  19-50 
„  16-03 


Percentage  of  Lie-tea  met 
WITH  IN  Tea. 


Black  tea. 


Green  tea. 


Mixed  teas  13-0 

17-7 
13-4 
6-0 

Orange  Pekoe  7-98 
The  percentages 
of  lie-tea  in  the 
capers  were  not 
determined. 


Mixed  teas  23-8 

„  12-0 
9-3 

Gunpowder  1-38 
„  13-68 
„  6-68 
„  36-67 
„  37-69 
48-46 
„  28-95 
39-42 
„  14-21 
„  35-23 
„  20-06 
38-31 
11-47 
37-30 
26-12 
22-98 


Mr.  T\  arnngton,  in  a  paper  read  before  the  Chemical  Society  of 

I'^n  nZ  fh  ^^.^i^^--'^^  m^J,  I  Jiave  learned  that  about 
70U,U00  pounds  weight  of  these  teas  have  been  imported  into  this 
country  within  the  last  eighteen  months,  theii-  introduction  being  quite 
oi  modern  origin  ;  and  I  understand  that  attempts  have  been  made  to 
get  them  passed  through  the  Customs  as  manufactiu-ed  goods,  and  not 
as  teas-a  title  which  they  certainly  richly  merit,  although  it  must  be 
evident  from  a  moment's  consideration  that  the  Revenue  woiUd  doubt- 
less be  defrauded,  inasmuch  as  the  consumer  would  have  to  buv  them 
as  teas  from  the  dealer.  It  is  to  be  feared,  however,  that  a  mai-ket  for 
them  is  to  be  found  elsewhere.    The  Chinese,  it  appears,  would  not 

tplv  "^^^^-^^A^'  ^"^^  ^^^^  ^^"'^o"^-  to  specify  them  as  lie- 
teas ,  and  if  they  are  mixed  with  other  teas  of  low  qualitv,  the 
Chinese  merchant  gives  a  certificate  stating  the  proportion  of  lie-tea 
present  with  the  genuine  leaf  This  manufactm-e  and  mixing  are  e^! 
dently  practised  to  meet  the  price  of  the  English  merchan?^  in  the 
case  of  the  above  samples,  the  black  is  called  by  the  Chinese  It 
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Flower  Caper,  the  fjreen  Lie  Gunpowder.  The  average  value  is  from 
eiffhtpence  to  a  shUliu!?  per  pound.  The  brokers  have  adopted  the 
ciu-ious  terms  f/um  and  dust  as  applied  to  these  lie-teas  or  their  mixtures, 
a  cognomen  Which  at  first  I  had  some  difficulty  in  understanding,  from 
the  rapid  manner  in  which  the  first  two  words  were  run  together. 


Imitation  Caper  or  Gtjnpowdkr. 

diameters. 

in  Adulte>-atim  xmth  mineral  matter.— have  already  ad- 
verted tolie  fact  that  mineral  matter,  cl^-fly  ...rf,  -^^^ 
oxide  o/»>-on,  enter  largely  into  the  composition  of  l^^e-tea  ,  hut  t^ 
mineral  is  not  unfrequently  found  in  tea  independently  ot  Iie-tea,  wnue, 
^fcli^^dZ^^tpstole,  Prtmian  blue,  and  other  mmeraUuhstance^ 
are  exten^rvely  employed  in  the  artificial  coloration  or  pamting  ot  teas, 
S  blaTLYg/eeZ    The  foUowing  table  shows  the^^^^^^^^^^^ 
mineral  matter  we  have  met  with  m  adulterated  teas,  both  black  ana 
green : — 
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Quantities  of  3Iineral  Matte}-  in  Adulterated  Teas. 


Black  tea,  chiefly  Caper, 
Caper  teas 


Siftings 
Mixed  teas 


14-94 

17-  27 

18-  97 

19-  32 
24-94 

14-  33 

15-  33 

18-  00 
8-77 

17-89 

20-  08 

16-  11 

15-  48 
11-69 

8-  32 

9-  84 

19-  95 

11-  69 

16-  61 
15-32 

12-  54 
10-51 
10-77 

9-51 


Green  tea, 
Gunpowder 


Mixed  teas 


chiefly  Gunpowder. 

.  8-49 

.  13-68 

.  20-52 

.  25-66 

.  23-69 

.  18-49 

.  17-56 

.  19-03 

.  33-49 

.  22-26 

.  26-12 

•  11-79 

.  24-47 

.  20-28 

.  18-10 

.  15-20 

.  18-00 

.  8-32 

.  21-83 

.  12-95 


Almost  invariaWy  in  those  cases  in  whicli  sand  and  quartz  are  met 
with,  magnetic  oxide  of  iron  is  also  found.  This  association  is  so 
constant  as  to  render  it  certain  that  the  mixtiu-e  either  occiu-s  naturally 
or  is  specially  prepared,  and  in  either  case  is  employed  in  the  adultera- 
tion of  tea.  The  following  table  exhibits  the  quantities  of  magnetic 
oxide  of  iron  actually  extracted  from  various  samples  of  adulterated 
tea: — 


Quantities  of  Magnetic  Oxide  of  Iron  extracted  hy  the  Magnet. 


Black  tea 


Black  teas, 


Siftings 


0-69 
0-36 

0-  48 

1-  46 
8-88 


Gunpowder 
J) 
» 
>» 


Green  tea 


Green  teas. 


1-  98 

5-57 

2-  94 
8-76 

1-  94 

2-  85 
1-92 

3-  17 
1-13 
1-30 
0-79 

0-  10 

1-  01 


A  few  months  back  it  was  a  very  common  thing  to  read  para- 
graphs in  the  papers  containing  the  statement  that  certain  teas  had 
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"been  met  with  which  were  ascertaiued  on  analysis  to  he  adulterated  with 
iron  filings.  In  some  instances  these  statements  rested  on  the  authority 
of  chemists  of  high  repute.  A  closer  examination  of  the  magnetic 
particles  so  frequently  found  in  adulterated  teas  has  revealed  the  ^act 
that  they  reaUy  consist  of  the  magnetic  oxide  of  iron.  Mr  Altred 
Bird  was,  we  helieve,  one  of  the  first  to  point  out  this  fact,  but 
Mr  P  L  Symonds  about  the  same  time  affirmed  that  the  article  used 
hy  the" Chinese  consisted  of  titaniferous  iron  sand.  Mr.  Bird,  however, 
nromixlo-ated  the  opinion  that  this  iron  was  deiived  from  the  soil, 
and  found  its  way  into  the  tea  from  the  dust  on  the  leaves. 
When  the  laro-e  quantity  of  iron  present  in  many  teas,  and  especiaUy 
when  the  proportion  of  the  ii-on  to  the  sand  and  other  mineral  con- 
stituents, is  tahen  into  consideration,  it  becomes  obvious  that  this 
opinion  cannot  for  a  moment  be  sustained.  _ 

The  principal  proofs  that  the  particles  in  question  do  not  consist  ot 
iron  filings  ai-e  the  following::—  _  ,  ^.  +i 

Firet  That  when  examined  with  the  microscope  they  have  no*  the 
torn  and'iagged  appearance  characteristic  of  iron  filings,  but  exhibit  a 
crystaUine  structm-e,  in  which  the  octahedral  form  is  fi-equently  to  be 

^^^''Second,  That  they  do  not  reduce  the  copper  from  a  solution  of 
the  sulphate  of  that  metal.  i 

Third,  That  they  dissolve  without  efiervescence,  and  the  evolution 
of  hvdroo-en  in  hydrochloric  acid.  . 

And,  lastly.  That  they  are  distinctly polaric -that  is  to  say  the  one 
extremity  of  4em  is  attracted  and  the  other  one  repelled  by  the  same 
pole  of  the  ma-net,  whereas  iron  filmgs  are  uniformly  atti'acted. 

It  Should  -be  remembered,  however,  that  iron  fihngs  when  bui-ned 
become  themselves  converted  on  the  sm^ace  into  magnetic  oxide 

'iron  filings  in  tea,  burnt  iron  filings,  and  magnetic  oxide  are  all 
acted  upon  by  the  tanilic  acid  of  the  tea,  tannate  of  iron  being  fornied, 
wMch  when  burnt  yields  much  ferric  as  well  as  some  magne  ic  oxide 
The  action  of  the  tannin  is  the  most  energetic  on  the  jon  fil^gs  but 
its  sdution  produces  a  dark  fluid  with  the  magnetic  oxide  only. 
lo-aCa^^^^^^^^  of  the  magnetic  particles  may  during  the  incineration 
of°the  tea  be  converted  into  the  feme  oxide. 

We  -^11  in  the  next  place  consider  the  question  whether  the  pre- 
sencr'f  ^is  magnetic  iron  and  sand  found  in  the  teas  here  reported 
upon  is  attributable  to  accident  merely.  tea— in 

1.  We  find  that  mag-netic  iron  is  never  present  m  £emnne  tea-in 
tea  which  yields  the  normal  proportion  of  ash,  no  matter  how  low  its 
oualTtv  is  Jnd  how  cheap  it  mav  be.  We  have  examined  many  teas 
Sew  to  discover  V,  magnetic  particles,  and  -  -  -tan- 
liavp  wp  ever  met  with  a  single  such  particle.  2.  ihe  cases  in  wnicu 
tLy  Tave  been  fo^d  have  ll  been  those  in  which  there  has  been  an 
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excess  of  mineral  matter,  and  which  has  always  consisted  of  silica  in 
the  several  forms  of  sand,  particles  of  quartz,  and  stone.    3.  In  most 
of  the  samples  met  with  the  quantity  of  magnetic  iron  has  been  suf- 
ficiently great  to  render  the  tea  itself  magnetic,  a  result  which  cannot 
he  due  to  an  accidental  admixture.    4.  That  it  is  not  derived  from  the 
admixture  of  soil  containing  silica  and  magnetic  iron  is  shown  ty  the 
fact,  that  in  nearly  all  cases,  after  deducting  the  ash  proper  to  tea,  the 
silica  and  iron  found  made  up  the  entire  weight  of  the  ash.  Now,  had 
these  constituents  been  derived  from  a  soil,  there  would  not  have  been 
this  correspondence,  because  a  soil,  to  be  fi-uitful,  must  consist  of  many 
other  things  besides  iron  and  silica ;  as  alimiina,  lime,  magnesia,  soda, 
potash,  phosphoric  and  sulphm-ic  acids,  and  chlorine,  &c.   5.  Again, 
the  quantity  of  iron  found  in  some  of  the  teas  is  so  considerable,  that 
if  calculated  into  100  parts  of  soil,  the  soil  would  be  found  to  contain 
so  much  ii-on  that  it  would  be  worth  smelting ;  this  would  be  the  case 
particularly  with  those  ashes  referred  to  in  the  above  table,  which  fur- 
nish respectively  32, 19,  and  24  per  cent,  of  iron,  con-esponding  to  44-6, 
26-5,  and  33-4  per  cent,  of  magnetic  oxide.  But,  again,  the  iron  found 
in  soils  does  not  exist  as  magnetic  iron,  but  as  ferric  oxide  and 
silicate  of  iron.    6.  A  gi-eat  portion  of  the  silica  and  iron  found  pro- 
ceeded from  the  lie-tea  present  in  nearly  all  the  samples,  and  into 
which  these  substances  were,  beyond  all  doubt  and  question,  purposely 
mti-oduced.  We  conclude  therefore  that  the  iron  and  silica,  quartz  and 
sand,  have  been  specially  added.    To  say  that  they  have  made  their 
way  into  the  tea  through  the  dust  on  the  leaves  and  through  careless- 
ness of  preparation,  is  to  tax  gi-eatly  our  powers  of  credulity;  besides, 
as  we  have  ah-eady  remarked,  this  view  is  sufficiently  disproved  by  the 
large  quantities  of  sand  and  iron,  often  30,  40,  and  even  over  50  per 
cent,  present  in  the  lie-teas,  with  which  nearly  all  the  capers  examined 
were  adulterated. 

We  will  again  remind  the  reader  that  genuine  tea  yields  an  ash 
which  rarely,  if  ever,  exceeds  6  per  cent.;  that  the  iron  in  this  seldom 
exceeds  -15  per  cent.,  and  is  often  under  that  amount ;  and  that  the 
extraneous  and  accidental  silica  which  we  have  met  with  in  genuine  teas 
even  m  those  of  the  poorest  quality  and  lowest  price,  seldom  exceeds 
U-.jO  per  cent.  We  say  accidental  silica,  having  been  careful  to  exclude 
tJiat  natural  to  the  ash  of  genuine  teas. 

But,  after  all,  the  questions  as  to  whether  the  extraneous  iron 
lound  in  tea  consists  of  altered,  oxidised  and  burnt  iron,  or  of  mao-- 
netic  oxide  ;  and  whether  this  iron  and  the  silica  are  derived  from  dirt 
earth  or  soil,  or  not,  practically  matters  very  littie.  They  ought  not 
to  be  there  ;  their  addition  is  intentional,  as  proved  by  the  case  of  the 
lie-tea;  and  they  are  never  present  in  any  really  pure  teas,  no  matter 
bow  poor  their  quality  and  how  low  their  price. 

r7a^  ^®  ^^^^^^^  tliat  one  of  the  samples  contains  no  less 
man  o-«b  per  cent,  of  iron.    Now,  since  tea  contains  a  large  quantity 
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of  taBiiic  acid,  we  have  thus  brought  together  the  two  chief  consti- 
tuents which  enter  into  the  composition  of  ink ;  and,  by  appropriate 
treatment,  a  bottleful  of  ink  was  manufactured  from  the  tea  in  ques- 
tion, with  which  this  report  was  partly  written.    Now,  what  has 
thus  been  accomplished  in  the  laboratory,  it  is  not  improbable  may 
really,  in  some  cases,  take  place  in  the  human  stomach  into  which 
ferruginous  tea  has  been  received.    From  these  considerations  the 
obiect  of  the  Chinese  in  adding  iron  to  tea  becomes  apparent ;  the  iron 
is  slowly  dissolved  by  the  acid  of  the  tea,  a  tannate  of  iron  is  formed, 
and  the  colour  of  the  infusion  made  with  such  tea  thus  becomes 
darkened,  and  it  is  to  bring  about  this  darkening  effect  that  the  iron  is 
in  most  cases  added.  The  iron  would  also  have  the  eifectol  increasing 
the  astringency  of  the  tea,  and  of  rendering  it  more  stimulating,  i  he 
eff'ect  of  tannin  on  bright  iron  fiUngs  is  veiy  gTcat,  especially  il  the 
action  be  aided  by  heat.  But  the  same  darkening  of  colour  takes  place 
very  markedly,  though  to  a  less  degree,  when  tannic  acid  and  magnetic 
oxide  of  iron  are  brought  together,  as  in  tea.    It  has  been  ah-eady 
stated  that  lie-tea  especially  fm-nishes  much  iron,  partly  magnetic. 
Now,  since  the  mineral  matter  in  this  so-caUed  tea  often  amounts  to 
50  per  cent.,  it  is  just  in  such  a  compound  that  the  iron  is  especially 
requu'ed,  the  tea-leaves  themselves  being  so  deficient  therein. 

IV  The  artificial  coloration  and  adulteration  of  tea— A  tourtu 
kind  of  adulteration  to  which  certain  descriptions  oi  tea  are  speciaUy 
Hable  consists  in  the  painting  or  artificial  coloration  of  the  leaves,  ilus 
practice  is  resorted  to  for  one  or  more  of  several  purposes.  lo  improve, 
as  some  consider,  the  appearance  of  some  descriptions  of  tea,  especiaUy 
inferior  Irinds;  for  the  better  conceahnent  of  certam  adulterations  as 
where  foreign  leaves  are  used,  and  to  disgiuse  more  effectually  the 
nature  of  lie-tea.  Several  kinds  of  both  Hack  and  gj-e^)^ Jf  a  aie 
liable  to  be  thus  artificiaUy  coated  or  colom-ed.  The  W«c/c-coated  teas 
are  those  known  as  Scented  Caper,  or  black  gunpowder.  Orange 
Pekoe,  and  the  black  variety  of  lie-tea.  The  substance  emplojed  is 
knowi^  by  the  names  gi-aphite,  plumbago,  or  black  lead,  and  is  one 
with  which  housemaids  are  particularly  familiar.  The  teas  c(^ated 
with  this  substance  present  a  particularly  smooth  glossy  appear- 
ance.   Graphite  contains  a  small  percentage  of  peroxide  of  iron,  and 

"  ~SaSy  smaU  qvmntities  of  the  same  pigments  as  Jjplo  jed 
in  the  coloration  of  green  tea  are  used  as  weU  as  the  black  lead,  m 
order  to  tipTt  a  somewhat  difl-erent  hue  to  the  Chulaoa  and  black 

^"'St  it  is  with  green  tea  that  the  practice  «f  ^^I^iMal  co^^^^^^ 
most  prevails.    The  principal  gi-een  teas  imported  ^^^^^  ^^^^j^S 
from  China  are  Twankay,  Hyson-Skn  Yoivng  Hyson,  Hy^°°; 2^ teas  is 
and  Gunpowder.    Now,  the  colom-  of  nearly  the  whole  of  these  teas  ib 
Sfida?,^aTrs       to  the  adherence  to  the  leaves  of  various  colom-ing 
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matters.  Some  few  years  since  it  was  impossible  to  meet  with  a 
Chinese  green  tea  which  was  not  thus  artificially  coated,  but  recently 
samples  of  uncoloiu'ed  green  have  been  occasionally  brought  under  our 
notice.  Fm-ther,  the  Indian  green  teas  are  almost  always  free  from 
coloui-ing  niatter,  and  the  Chinese  tea  Oolong,  which,  though  described 
as  a  black,  is  really  a  green  tea,  is  equally  free  from  colom-ing  material. 

We  have  abeady  referred  to  black  lie-tea.  This  is  sometimes  free 
from  coatmg,  and  at  other  times  is  coated  in  imitation  of  black  gim- 
powder ;  but  veiy  much  of  it  is  faced  in  the  same  manner  as  green 
gunpowder,  in  imitation  of  that  description  of  tea. 

The  usual  pigmentary  matters  employed  are  ferrocyanide  of  iron 
or  Pnissian  blue,  turmeric,  and  China  clay ;  these  are  mixed  in  various 
proportions,  so  as  to  produce  different  shades  of  blue  and  gi-een.  The 
leaves  ai-e  agitated  with  the  mixtiu-e  usually  in  a  kuo,  in  which  they 
are  subjected  to  the  action  of  heat,  which  renders  them  moist  and 
flaccid,  until  they  become  faced  or  glazed,  as  it  is  termed.  Occa- 
sionally other  substances  are  employed  by  the  Chinese— namely 
mdtgo,  sulphate  of  lime  ox  gypsum,  silicate  of  magnesia  ox  soapstone,  &c' 


Fercentage  of  Ash  in  Artificially-Coloured  Green  Teas. 

Gunpowder   y.^y 

Hyson  ;      ;      :      :  6-18 

Crunpowder   y.gg 

Ping  Suey  gunpowder    ■>.....  6'10 

, ,»     "  "   6-49 

Moyune  gunpowder   g.j^Q 

Gunpowder   6-65 

»    6'07 

Shanghai  Ping  Suey  gunpowder    ....  6-65 

Gunpowder  '      '  g.gg 

Ping  Suey  gunpowder  6-16 

^ "    6-65 

Green  tea   g.g^ 

Gunpowder  .'.'."*  6-25 

Silicote  Green  tea  6-20 

Young  Hyson   g.Q7 

Gunpowder  '       '  g.gj^ 

-   .  6-33 

"    6-66 

"    6-20 

"    7-66 


Average     .  6'53 


124 


TEA  AND  ITS  ADULTERATIONS. 


Percentage  of  Ash,  Silica,  and  Iron  in  Faced  Green  Teas. 


Name.  j 

Ash. 

Silica. 

Iron. 

Gunpowder       .      .      •  • 

Hyson  

Gunpowder       .      .      .  • 

■  Ping  Suey  gunpowder 

"      "          "j      '      '  ' 

■  Moyune  gunpowder  . 

Gunpowder       .       •       •  • 

Shanghai  Ping  Suey  gunpowder. 
Gunpowder  .... 
Ping  Suey  gunpowder 

II      "          )>      •      •  • 

7-47 

6-  18 

7-  96 

u  lu 
6-49 
6-10 
6-65 
6-07 
6-65 
6-68 
6-16 
6-65 

1-17 
0-84 
0-79 
0-63 
0-77 
0-57 
0-73 
0-97 
0-94 
0-74 
0-64 
0-75 

0-16 
0-13 
0-18 
0-12 
0-09 
0-11 
0-10 
0-11 
0-12 
0-15 
0-09 
0-08 

Average  . 

6-59 

0-78 

0-12 

Prom  the  preceding  table  it  appears  that  the  weight  of  the  ash  m 
faced  green  teas  varies  from  6-07  the  lowest  to  7-96,  the  highest 
amount:  that  is,  that  the   mineral  facing  adds  from  i  to  2 ^  per 
Tnt  to  the  weight  of  the  tea.    It  is  remarkahle,  notwithstanding  the 
m-etty  fi-ee  use  in  some  cases  of  ferrocyanide  of  iron  or  Prussian  blue, 
amount  of  iron  in  the  ash  is  so  little  i— ^ ;  hut  imd^^^^^^^^ 
head  of '  extraneous  siUca '  we  find  a  sensible  augmentation.  It  is  to  be 
noted  however,  that  the  increase  in  the  weight  of  the  ash  does  not 
represent  Thl  whole  of  the  matter  added  in  the_  facing  because  he 
PrussTan  blue  is  partly  destroyed,  and  the  turmeric  whoUy  so,  by  the 
fnc^emrion     The  total  addition  made  may,  therefore,  be  regarded  as 
rrSn- from  one  to  thi-ee  per  cent.,  and  this  of  substances  which  are 
S/extianeous  to  tea,^hich  serve  n^^^J^^o..^^^^^^ 
therein  but  which  help  to  cover  up,  conceal,  and  render  possible  cer 
taS  other  still  more  serious  adulterations  of  tea  and  which  if  not 
;ritivelv  hurtftil  in  themselves,  yet  must  be  looked  upon  at  least  as 
Tmuch  added  dust  or  diii:,  helping  largely  to  the  consumption  of  the 

as  proved  by  the  evidence  of  various  travellers,  testifying  to  the  extent 

writes:  'The  ^^™»0  "V  „„,°°;|.,,  ,„d  made  up  to  imitate  Tarious 
PT?,\?™^X"an?i™rqitlr.«  tltL  yearly  made  up.' 
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Mr.  Davies,  'in  comparison  with  the  effi-onteiy  which  the  Chinese 
displayed  in  carrying  on  an  extensive  manufacture  of  green  teas  from 
damaged  black  leaves  at  a  village  or  subiu-b  called  Honan.'    And  ao-ain 
he  says:  'Certain  rumours  being  afloat  concerning  the  manufacture  of 
green  tea  from  old  black  leaves,  the  writer  of  this  became  curious  to 
ascertain  the  truth,  and  with  some  difficulty  persuaded  a  Hono-  mer- 
chant to  conduct  him,  accompanied  with  one  of  the  inspectors,  to  the 
place  where  the  operations  were  carried  on.    Entering  one  of  these 
laboratories  of  factitious  Hyson,  the  parties  were  witnesses  to  a  strano-e 
scene.    The  damaged  leaves  after  being  dried  were  transferred  to°a 
cast-u-on  pan  placed  over  a  furnace,  and  stii-red  rapidly  with  the  hand 
a  smaU  quantity  of  tnrmenc  in  powder  having  been  previously  intro- 
duced    This  gives  the  leaves  a  yeUowish  or  orange  tint;  but  they 
were  still  to  be  made  green;  for  {his  purpose  some  liimps  of  fine  bhie 
were  produced,  together  with  a  substance  in  powder,  which,  from  the 
names  given  to  them  by  workmen,  as  well  as  their  appearance,  were 
known  at  once  to  be  Prussian  blue  and  gypsum.    These  were  tituilted 
finely  together  ^^th  a  small  pestle  in  s^h'  propoitions  aT  idS he 
dark  colour  of  the  blue  to  a  light  shade ;  and  a  quantity  equal  to  a 
teaspoonful  of  the  powder  being  added  to  the  yellowish  leave  these 
were  stin-ed  as  belore  over  the  fire  until  the  tea  had  taken  the  fSe 
bloom  colom-  of  Hyson,  with  very  much  the  same  scent ' 

Mi:  Bruce  states  that  '  in  the  last  operation  of  colourino-  the  -reen 

Y.T.*r'  °1  'i^P^"*'  °^  ^""^  indigo,  very  freel/pulver  sed 
and  sifted  through  fine  muslin  in  the  proportioA  of  3  of  the  forme  to 
1  of  the  latter,  is  added;  to  a  pan  of  tea  containing  sevenTolds 
about  half  a  teaspoonful  of  this  mixture  is  put,  and  rubberand  rdkd 
along  with  the  tea  n  the  pan  for  about  an  horn-  The  above  Ixture 
^,  merely  to  give  it  a  uniform  colour  and  appearance  The  indigo 
gives  It  the  colom-,  and  the  sulphate  of  lime  fixes  it '  ° 
x\lr.  BaU  wi-ites:  '  So  far  as  the  characteristic  colour  of  oreen  tea 

StabS    'if  ItT''  °'  explaSed  anS 

established.    If  fictitous  means  are  now  generaUv  or  almost  ,m\ 

It  may  be  considered  as  a  gxeat  and  novel  abuse,  and  ouo-ht  to  be  di^' 
com^ged  by  brokers  and  dealers.    It  is  injm-ious'  to  flavo^ir  ' 
and  lkct?r  T^Pn  ??•   '     tj^^o^J  of  a  respectable  Chinese  tea  merchant 
Tth  tuJ  to  til?  efiect  that  Twankay  tea  is  often  mixed 

w^th  false  leaves,  and  that  it  is  coloured  with  indi-o  and  caS  nS 

SwnfP'n  f^"  Y''''^^''  colouring  of  teatS-md 

in  China,  and  who  has  described  the  process  minutelv  states  tW ^ 

I  could  not  help  thin^dng,'  he  remarks,  '  that  if  any  gi-een-teTcWnkev; 
«aE;'oZ?       °P-*^-'t^«ir  tastl^oJltten 

soi  cS^rt- -  K;^tkS  ?s:rSs^ 
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Fortune,  'What  reasons  they  had  for  dyeing  the  tea,  and  whether  it 
would  not  he  hetter  without  undergoing  this  process  ?  They  acknow- 
ledoed  that  tea  was  much  hetter  when  prepared  wthout  having  any 
such  ingTedients  mixed  with  it,  and  that  they  never  drank  dyed  teas 
themselves  ;  hut  remarked  that,  as  foreigners  seemed  to  prefer  having 
a  mixture  of  Prussian  hlue  and  gypsum  with  their  tea,  to  make  it 
look  uniform  and  pretty,  and  as  these  ingredients  were  cheap  enough, 
the  Chinese  had  no  ohjection  to  supply  them,  especially  as  such  teas 

always  fetched  a  higher  price.'  ^   i.  j  .         tt  ^  -Rr^+a 

In  the  Museum  of  Economic  Botany  attached  to  the  Kew  Bota- 
nical Gardens  will  he  found  some  specimens  of  tea  dyes  procured  by 
Mr  Ber  thold  Seeraau  from  one  of  the  tea  factones  at  Canton,  i  hey  con- 
sist" of  Prussian  hlue,tm-meric,  challi,  and  either  China  clay  or  gypsum 
In  the  same  museum  will  also  he  found  a  series  of  samples  of  ^ack 
and  oreen  tea,  also  of  several  varieties  of  he-tea,  all  artifacially 
coloured  They  were  met  with  by  om-selves  in  the  com-se  ot  our 
investigations  into  the  suhject  of  the  adulterations  of  tea,  and  were 
sent  to  the  museum  many  years  since.  •  n  i 

It  might  he  supposed  that  the  practice  of  thus  artificially  coloimn- 
tea  with  various  mineral  and  vegetable  substances  was  one  which 
would  be  universally  condemned,  and  that  among  analysts  at  least 
r  difference  of  opinion  could  exist  as  to  whether  it  constituted  an 
acuiteiat  on  or  not.    This  we  very  greatly  regret  to  state  is  lar  from 
beino-  the  case,  some  analysts  boldly  excusing  the  practice  while 
others  sav  that  when  the  addition  is  confined  to  certam  limits  it  is 
Bot  to  be  regarded  as  an  adulteration ;  a  viev.  of  the  matter  whrch 
Ts  not  only  wrong  in  principle,  but  impossible  m  practice  Thus, 
ihey  loS^i  sly  that  when  the  colouring  matters  do  not  exceed  one  or 
iwo  nr  cent.,  such  an  addition  is  allowable,  but  when  they  exceed 
hat'amolt  the  teas  so  coloured  are  to  faUmider  the  ope^^^^^^^^^^ 
fltiv  Act  dealino'  with  the  question  of  adulteration.    Ihey  at  tne  same 
S  overlook^he  fact  that  it  is  impossible  with  any  certainty  o 
dX^ne  the  exact  percentage  of  colom-ing  matter  employed  m  any 
narticTar  case,  so  that  no  analyst  who  was  carefud  of  his  reputation 
Sd  4ntm.e'to  give  evidence  for  the  prosecution  m  any  case  of  the 

''''mT  A  Htl\Tn,°R^"ic  Analyst  for  Sheflield,  in  answer  to  a  ques- 
tion b^  the  ctSan  of  thelati  Adulteration  Committee  answers: 
n^Je  stated  that  I  do^^^^^^^ 

nrH^^C.^artrtfustprLe^  his  views  before  the  ^me  Com- 
ll^and  Mve  bet  avowed  to  be  sold  in  this  way,  I  have  not  considered 
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in  my  own  mind  that  there  was  any  great  sin  on  the  part  of  the 
retailer  in  selling  them,  or  that  he  was  morally  responsible  for  the  sale 
of  these  ai-ticles  merely  as  tea;  but  when  it  exceeds  the  amount  that  has 
been  irut  in  in  that  way,  although  for  the  purpose  of  improving  the 
appearance  of  the  tea,  then  I  think  the  other  provision  comes  in 
which  bnngs  it  distinctly  under  the  clauses  of  the  Adulteration  Act- 
that  IS,  the  mcreasing  of  the  bulk  of  the  article,  by  the  addition  of  a 
cheaper  or  inferior  material.'   In  reply  to  the  question  that,  if  the  tea 
Itself  was  of  good  quality,  and  contained  from  1^  to  2  per  cent,  of  facine- 
would  he  consider  it  to  be  adidterated  ?  Mr.  Bartlett  replied  •  '  I 
should  much  prefer  if  no  facing  were  allowed  ;  but  I  should  not  consider 
that  there  is  any  very  gi-eat  amount  of  injury  to  health  consequent 
upon  that  li  or  2  per  cent.,  because  of  the  very  fact  that  Prussian  blue  in 
Prussia  IS  entered  into  the  Pharmacopoeia  as  a  tonic'  All  we  can  say 
83  a  comment  to  such  a  reply  as  the  above,  is,  may  we  be  delivered 
h-om  having  any  of  the  potent  remedies  of  the  Prussian  Pharma- 
copoeia pom-ed  down  om-  throats  under  the  name  of  tea ' 

Again,  Mr.  Sutton,  of  Norwich,  appears  from  his  evidence  to  be  in 
favour  of  aUowmg  a  certain  amount  of  facing,  but  when  this  limit 
which  he  does  not  define,  is  passed,  he  would  call  it  an  adulteration- 

t^V'^-^P^  *°  f  f""^  "^""g'^^  champion  of  the  tea 

tiade  Sir  Henry  Peek,  'I  think  I  understood  you  to  say  that  you 
would  never  consider  the  facing  of  tea,  as  it  Is  done  in  China,  an 
adulteration  P'  Mi-.  Sutton  answered:  'I  do  not  consider  that  it  should 
be  considered  an  adulteration  under  present  cii-cumstances,  but  I  do  not 
think  myself  that  the  tea  need  be  faced.'  Then,  in  reply  to  another 
question,  he  answers:  shoidd  not  retm-n  it  as  an  adulterated 
article  unless  it  was  excessively  faced.' 

Another  witness,  Dr.  McAdam,  replied:  'I  would  not  regard  it 
(the  facing)  as  an  adulteration.  It  is  certainly  a  treatment  of  the 
matenal  so  as  to  produce  a  different  appearance  from  what  the  tea 
woiild  natiu-ally  present,  but  it  is  so  weU  recognised  and  the  quality 

adiSteition  '°  ^^^"^       ^^""^  ^  ''''''''''^ 

The  following  evidence  by  the  same  witness  is  highly  instructive 

l^L^'■°^^^^^^  P^^^li"  ^^^^  to  expect  fi-om  many 

professional  ana  ysts.    A  member  of  the  Committee,  Mr.  C.  C4arniei- 

£1  «'J'J°r^  question:; In  the  case  of  facing  tea  and  colom-ing 
cheese  and  butter,  and  m  colouring  whiskey  by  pitting  it  in  shem 
(jsks,  and  m  colouring  pickles  by  copper,  and  in  other  cases  of  coS 
^g,  would  not  the  test  be  whether  the  colouring  was  done  w4h  a 
fraudu  ent  mtent  or  not?  '.  To  this  question  &.  McAdam  "ave 
the  following  answer:  'I  think  that  that  certainly  should  be  a  teJt 
If  It  could  be  proved  that  sulphate  of  copper  had  been  added  to 
pickles  for  the  purpose  of  colom-ing  the  pickles,  I  would  say  that  in 
any  quantity  it  oug£t  to  be  called  a'n  aduLration ;  but  as  the  picH  s 
are  cominonly  prepared  in  a  copper  pan,  the  acetic  acid  or 
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employed  in  compoundinfr  them  will  take  up  a  slight  ti-ace  of  copper 
?Z  the  pan,  and  I  do  not  think  that  that,  if  present  in  pickles  mxg^t 
to  he  considered  an  adulteration.'  But,  most  learned  Doctor  the 
acetic  acTwill  not  cease  to  act  on  the  copper  pan  when  it  has  taken 
un  '  a  Srtrace '  of  copper  only,  hut  will  continue  to_  act  upon  the 
Zu\  a  fono-  afthe  two  are  in  contact.  Besides,  there  is  no  necessi^^ 
wtoevei  for  the  employment  of  copper  vessels  m  the  preparation  of 

^'""dT'o  M  Tidy,  who  stated  to  the  Committee  that  he  had  ex- 
amined 19  000  samples  of  articles  of  food  in  the  course  of  six  years 
V  A  ol  tn  the  facin<^  of  tea,  'I  should  not  like  to  say  very  much 
Sut  it  f  am  rat\  dit id  myself  to  think,  that  it  is  one  of  those 
thinos  which  had  hetter  not  be  interfered  with 

food,  and  if  yo^^^^ei^  t^  say  where  to  stop.'    The  same  ai-uments 

;tSd  ft  iS^^  to  Dr.  Voelcker's  line  of  reasoning,  not  to 

^""'f  Se^tlt  ahfve'^evidence,  it  is  not  a  little  amusing,,  as  well  as 

.omt:hattu|%tocoi^^^^^^^^^^^^ 

making  the  extraordinary  statement  that  an  ana  > 

do  very  little  in  the  examina^on  of  te^^^^^^^^  ^f.e  of  t^e  P^nty  of 

pot  practica  experience  is  Tthe  subject  of  tea, 

tea.  Dr.  Voelcker  remarks     I  may  sa^^^^^^  admission  which 

that  I  have  never  found  ^J^^g™^^^^^^^  of  any  value  which  it  might 
surely  deprives      evidence  of  th^  Doctoyt  an^^^^^^  ^^^^  ^^^^^^^ 

i^rof'SD^a         p^LTthrough  our  hands  in  the  la.t 

few  months.  ^^A^nop  we  shall  auote  is  Mr.  Wanldyn. 

upon  that  point  ?       ^uite  °au:y  j  who  have  almost  all  said 

the  other  scientific  witnesses  we  1^^^^^^^^  ^ragree  with  them 
that  the  facing  of  tea  is  not  an  adulteration .  g 
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perfectly,  and  for  the  reason  that  facing  is  not  necessarily  iniurious  to 
health,  and  that  faced  tea  does  not  add  sensibly  to  the  weio'ht  or  volume 
of  the  tea.  It  adds  to  the  weig-ht  or  volume  just  in  the  lense  that  to 
throw  a  bucket  of  water  into  the  Thames  would  increase  the  river- 
but  It  does  not  add  to  the  volume  in  any  sensible  manner  '  ' 
Is  It  possible  to- conceive  of  any  scientific  witness  ^ivino-  more 
absurd  evidence  than  this  ?  The  colom'ing  matters  employed  in  the 
facing  of  tea  amoimt  to  from  1  to  3  per  cent.,  and  they  do  therefore  add 
sensibly  to  the  weight  of  tea;  and  Mr.  Wanklyn's  comparison  of  throw- 
ing a  bucket  of  water  into  the  Thames  is  simply  ridiculous:  but  as  we 
have  so  often  remarked  before,  the  objections  to  the  coloration  of  tea 
are  not  confined  to  the  quantity  or  the  character  of  the  substances 
employed  and  the  practice  is  to  be  emphatically  condemned  in  every 
degree  whether  it  be  carried  on  to  a  smaU  or  large  extent,  on  tS 
ground  that  it  is  resorted  to,  in  many  cases,  to  cover  and  conceal  other 
more  injurious  and  fraudulent  adulterations. 


EESUXTS  OF  THE  EI)CEOT  EXAMINATION  OF  CAPER,  (JTOPOWDEK, 
AND  OTHER  TEAS. 

liabl^tfSf  ^,'^P'':r^^  teas  some  descriptions  are  more 

specfa%  others,  the  capers  and  gunpowders  bein| 

'^^t\°^        ^.  '^P^'^'       ^"P^-  Tea,  fully  reported  upon  in 
trF^n^f ^''  J'^  ^^^^^^^^  1873,'  one^only  was  genuine 
the  Foo-Chow  caper,  and  nineteen  were  adulterated.  genume, 
All  the  nineteen  contained  He-tea  ;  were  faced  with  nlum- 

5  86  per  cent  the  highest  quantity  found,  the  iron  beino-  present  S 
mny  cases,  both  in  the  caper  and  in  th^  lie-tea,  especia?f;?n  ^t^^ 

varitk  froV2T9?Jl^fir^  ^""i  stony  particles  in  the  whole  tea 

in  teas  contained  foreign  leaves,  which  were  present 

in  some  of  the  samples  m  considerable  Quantities.  ^  ^ 

+1,.       .    extractive  matter  of  genuine  green  tea,  of  which  caner  fnr 
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Some  further  details  of  the  analyses  of  the  samples  ahoye  noticed 
are  given  in  the  suhjoined  taUe : — 

Table  of  Adulterated  Caper  Teas.  


Iron  (extraneous).     Silica  (extraneouB). 


■        •    *  'iron  filin™-  foimd.  This  result  h«a  been  confirmed 

SS^STft  C-^prS  of  iron  mings  in  tea,  ^be,  »e  of 

-T^°^sres'':w^^^ 

from  several!  of  the  teas  were  as  follow  :-l  98,  5  57,  ^  J4,  B  , 
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the  whole  tea,  excluding-  the  two  teas  which  were  faced  only,  varied 
from  2-52  to  19'19  per  cent.,  and  the  ash  of  the  lie-tea  from  13-13 
to  46-01  per  cent. 

Further  results  of  the  above  analyses  are  shown  in  the  followino- 
table :—  ° 

Table  nf  Adulterated  Gunpowder  Teas. 


Percentage  of 
Lie-tea. 


•1-38 

13-  68 
6-68 

36-  67 

37-  69 
48-46 
28-95 
39-42 

14-  21 
85-23 
20-06 

38-  31 
11-47 
37-30 
26-12 
22-98 


Ash  of  whole 
tea. 


8-49 
18-00 

8-32 
20-12 

25-  66 

23-  69 

18-  49 

17-  56 

19-  03 
33-49 
22-26 

26-  12 
11-79 

24-  47 

20-  28 

18-  19 


Ash  of  Lie-tea. 

Iron. 

j 

Silica. 

1 

14-87 

0-12 

2-52 

23-82 

0-36 

10-90 

18-13 

0-15 

2-95 

19-76 

1-35 

12-14 

35-92 

3-01 

15-86 

28-48 

1-79 

14-46 

24-63 

0-51 

10-32 

20-33 

0-47 

9-02 

46-01 

0-18 

12-31 

39-97 

4-47 

19-19 

30-34 

1-48 

13-02 

34-66 

2-83 

16-20 

29-30 

1-18 

4-12 

82-61 

2-48 

14-85 

42-06 

0-94 

13-17 

44-62 

0-82 

11-80 

Of  the  above  teas,  the  whole,  except  the  one  thus  distino-uished  (*) 
were  decidedly,  and  many  of  them,  very  strongly  magnetic." 

From  the  analyses  above  given  it  is  therefore  evident  that  the 
practice  of  adulterating  tea  widely  prevails,  and  is  of  a  very  shame- 
ful chai-acter.    As  was  the  case  with  the  Caper  teas,  most  of  the 
green  teas  now  examined  came  from  Canton,  which  place  is  the  axeat 
centi-e  and  focus  of  the  adulteration  of  tea ;  this  fact  is  perfectly  well 
Jmown  to  aU  who  have  anj^hing  to  do  with  tea— merchants,  brokers, 
wholesale  and  retail  dealers,  and  who  therefore  have  no  just  right  to 
urge  the  plea  of  ignorance  in  extenuation.    The  merchant  who  wants 
genume  tea  would  scarcely  go  to  Canton  for  it ;  and  if  he  did  go  there 
at  aU  this  very  circumstance  would  alone  tend  to  prove  that  what  he 
actuaHy  reqmred  was  something  very  different  from  genuine  tea 
IJesides,  the  British  merchant's  interests  in  China  are  protected  we 
relieve,  m  all  cases,  by  the  presence  at  the  several  places  of  manu- 
facture and  export,  of  carefiUly  trained  experts,  on  whom  it  would  be 
impcssible  to  impose;  so  that  when  such  rubbish  as  were  many  of  the 
samples  here  reported  upon  are  purchased  by  English  houses,  they 
toow  well  what  they  are  buying,  not  only  from  the  samples  themselves, 
out  trom  the  pnces  which  they  pay  for  such  so-caUed  tea. 

Ihe  statement  has  been  frequently  made  from  time  to  time  that 
?reen  tea  often  contains  copper,  is  coloured,  in  fact,  sometimes  by  that 

J£  2 
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metal,  -which  is  assumed  to  be  derived  from  the  copper  vessels  used  in  ! 
drying  the  tea.    This  assertion  we  have  put  to  the  proof  by  testing  the 
ashes  of  the  foregoing-  teas,  and  with  the  result  of  not  finding  even  a  , 
trace  of  copper. 

Another  statement  made,  is  that  sulphate  of  iron  is  often  added  to  i 
tea  by  the  Chinese  to  increase  the  astrmgency  of  tea,  to  darken  the  i 
solution,  and  to  render  the  beverage  more  stimvdating.    The  strongly  ' 
ferruginous  character  of  some  of  the  ashes  led  me  to  suspect  that  pos-  . 
sibly  extraneous  iron  was  present  in  some  of  the  samples  in  that  form  i 
as  well  as  in  the  state  of  magnetic  oxide  ;  the  several  ashes  were  there- 
fore tested  for  sulphiu-ic  acid,  0-60  per  cent,  only  being  found  in  100 
parts  of  the  mixed  ashes  of  the  lie-teas,  this  being  much  less  than  the 
quantity  often  present  in  genuine  tea ;  thus  Liebig  fovmd  8-72  per  cent, 
of  sulphuric  acid  in  the  ash  of  the  watery  extract  of  tea. 

So  far,  then,  as  these  analyses  go,  this  statement  also  is  not  corro- 
borated. 

Lastly,  a  portion  of  the  lie-tea  of  several  of  the  foregoing  samples  was 
separated,  reduced  to  powder,  the  ash  and  exti-act  estimated  ;  the  a,-.i 
amounted  to  24-07  per  cent.,  thus  leaving,  after  making  the  allowance 
of  6  per  cent,  for  the  normal  ash,  82  per  cent,  of  what  we  will  presume 
to  have  been  tea.  This  should  fui-nish,  talcing  40  per  cent,  as  the  full 
extract  obtained  from  genuine  tea,  32-8  per  cent,  of  exti-act.  But  the 
actual  amount  obtained  from  the  lie-tea  was  no  less  than  47-3  per 
cent. — that  is  to  say,  the  largely  adulterated  lie-tea  furnished  an 
amount  of  extract  much  exceeding  that  obtained  from  genuine  te;i, 
proving  plainly  the  presence  of  some  foreign  soluble  matter. 

Kelative  to  -this  point  the  author  has  also  made  some  examinations. 
He  re-examined  the  samples  of  green  tea  adulterated  -with  lie-tea,  the 
results  of  the  analyses  of  which  have  just  been  referred  to,  and  he 
found  that  in  all  cases  the  adhesive  material,  wherewith  the  tea,  sand, 
and  magnetic  oxide  of  iron,  &c.,  entering  into  the  composition 
of  the  lie-tea,  were  incorporated  into  little  hard  masses,  consisted 
of  boiled  starch  in  large  quantity,  indeed  in  amount  sufficient 
to  aecotmt  in  great  measure  for  the  high  percentage  of  extractne 
usually  furnished  by  teas  adulterated  -with  lie-tea.  The  detection  of 
the  starch  by  means  of  a  solution  of  iodine  was,  of  com-se,  very  readily 

The  eio-hteen  samples  of  green  tea  abeady  noticed  were  also  exa- 
mined foi" foreign  leaves,  which  were  found  to  be  present  in  five  ot 
the  samples ;  but  the  leaf-dust  entering  into  the  composition  of  the 
'lie-tea'  was  not  examined,  and  it  is  in  this  that  the  presence  ot 
broken-up  leaves,  not  tea,  might  be  looked  for. 

Other  kinds  of  tea  which  are  also  very  liable  to  adulteration 
are  Scented  Orange  Pekoe  and  sometimes  tea-sif tings.  The  results  of  the 
analysis  of  one  sample  of  Orange  Pekoe  were  as  follows  :— Magnetic, 
faced  with  plumbago,  or  black  lead,  and  containing  7-98  per  cent,  ot 
lie-tea.    Ash  of  the  whole  tea,  1048  per  cent.,  contaming  0-29  per 
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cent,  of  iron  and  4-26  per  cent,  of  sand.  Ash  of  lie-tea,  28-18  per  cent. 
This  tea,  therefore,  was  adulterated  with  plumhago,  lie-tea,  sand  and 
magnetic  oxide  of  iron.  ' 

The  analysis  of  a  sample  of  siftinffs  fiu-nished  the  following  re- 
sults :— It  formed  a  black  powder,  highly  magnetic,  clinging  to  and 
covering  the  magnet  in  long  threads.  Ash,  15-20  per  cent.,  containing 
3-96  per  cent,  of  iron,  and  6-24  per  cent,  of  sand  and  stony  particles. 
Extracted  by  means  of  the  magnet,  8-88  per  cent,  of  magnetic  oxide 
of  iron. 

_  This  tea,  then,  was  also  much  adulterated  with  magnetic  oxide  of 
iron  and  silica,  the  tea  from  which  the  dust  was  derived  beino-  no 
doubt  similarly  adidterated.  However,  here  the  author  woidd  wish  to 
say  a  few  words  on  behalf  of  tea-dust  in  general.  He  has  examined 
many  samples  of  it,  and  foimd  it  to  be  genuine  in  nearly  aU  cases 
Ihis  article  is  not  Imown  to  the  public  at  large,  and  is  much  used  for 
mixing.  It  IS  sold  at  a  very  low  price,  and  when  genuine  it  would  be 
a  real  boon  to  the  poor,  if  obtainable  by  them.  . 

The  quantities  of  extractive  matter  and  of  theine  yielded  by 
adulterated  teas  is  as  a  rule  of  course  less  than  those  obtained  from 
genuine  samples  ;  but  the  data  thus  fm-nished  are  not  sufficiently 
marked  to  aiiord  absolute  proof  of  adulteration.  We  here  append  a 
teble,  showing  the  amount  of  extractive  matters  and  of  theine  obtained 
&om  adulterated  capers  and  other  teas. 

Percentage  of  Extractive  Matter  and  of  Theine  in  Adulterated  Teas. 
Caper 


M 


xed  Black 


Mixed  Grefn 


Average 


26-69 

0-97 

28-29 

1-66 

30-99 

1-63 

32-39 

1-14 

30-67 

1-29 

28-49 

1-54 

31-79 

0-95 

32-94 

1-28 

37-94 

2-26 

34-39 

1-06 

32-31 

1-76 

34-48 

2-23 

32-06 

2-05 

32-37 

2-68 

30-06 

1-94 

36-02 

3-30 

31-18 

0-82 

38-69 

1-85 

38-04 

1-59 

30-27 

1-50 

29-39 

2-13 

28-59 

1-09 

34-48 

0-92 

32-58 

0-93 

35-90 

1-11 

30  04 

1-58 
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The  quantities  of  extractive  matter,  as  shown  in  the  ahove  tahle, 
are  certainly  higher  than  might  have  been  anticipated,  considering 
the  extent  to  which  many  of  the  teas  were  adulterated,  the  averag-o 
being-  32'04.  This  arises  doubtless,  partly  from  the  fact  that  the  Caper 
teas,  from  which  most  of  the  extracts  were  obtained,  partake  rather  of 
the  nature  of  green  than  of  black  tea,  and  partly  from  the  starch  pre- 
sent in  the  lie-tea. 

The  following  table  gives  the  results  of  the  analysis  by  the  author 
of  the  teas  which  formed  the  subject  of  recent  prosecutions  in  Bir- 
mingham, and  in  most  of  which  convictions  were  obtained : — 


d 
a 

L 

o 
'c 

CS  . 

o 
O  ci 

U 

No. 

Action  on 
mngnet. 

Facing. 

CJ 

of  Lie 

A 

letic 
tracti 

a 

Lie-t 

.a 

Ash 

Iron 

Silic 

&  X 

c  « 

S2 

o 
B 

Thei 

1 

Attracts  the 

Tnrmeric  &  Prussian 

magnet. 

blue 

23-8 

5G-34 

21-83 

0-61 

14:68 

0-79 

34-40 

0-92 

2 

Slightly  mag- 

0-83 

2-13 

netic. 

Plumbago 

13-0 

26-84 

10-61 

4-15 

0-69 

29-39 

3 

Ditto  . 

Tiu-meric,  Prussian 
blue,  and  a  white 

powder 

12-0 

19-50 

12-95 

0-74 

4-66 

0-lOt 

32-58 

0-93 

4 

Ditto  . 

Pliunbago 

17-7 

40-86 

9-51 

0-68 

3-08 

0-36t 

28-S9 

1-09 

6 

Decidedly 

Turmeric,  Prussian 
blue,  and  a  white 

magnetic. 

1-11 

powder 

9'3 

16-03 

l.S-96 

0-66 

5-91 

1-01 

35-90 

6 

Magnetic 

Plumbago 

13-4 

22-11 

10-77 

0-51 

4-32 

0-48 

31-07 

7 

Strongly 

30-27 

1-50 

magnetic 

Plumbago 

6-0 

20-30 

12-54 

0-83 

4-70 

1.-46 

*  Insoluble  in  aqtia  regia. 

t  In  these  cases  the  lie-tea  had  been  previously  partly  removed,  and  -nith  it  much  of 
the  magnetic  iron. 


THE  ADTXLTBBATION  OF  TEA  AS  PEACTISED  IN  THIS  COUNTEY. 

Many  years  since  a  very  high  duty  was  levied  upon  tea,  and  this 
led  to  its  being  very  extensively  adulterated  in  this  country.  Since, 
however,  the  reduction  of  the  duty,  which  is  now  only  sixpence  in 
the  pound,  but  little  sophistication  takes  place.  The  practices 
resorted  to  were  various,  and  on  the  whole  much  more  objection- 
able and  dangerous  than  those  of  the  Chinese. 

One  common  proceeding  was  to  collect  exhausted  tea-leaves,  to 
mix  them  with  a  solution  of  gum,  catechu,  and  sulphate  ofii'on,  and  to 
re-dry  them.  The  gum  supplied  in  a  measm-e  the  place  of  the  extracti\  e 
matter  removed  from  the  leaves  by  their  pre-vious  use,  and  the  catechu 
and  the  sulphate  of  iron  gave  the  solution  astringency  and  colour. 

Another  practice  was,  to  collect  the  leaves  of  ditl'erent  plants, 
to  break  them  up,  to  mix  them  with  catechu,  and  to  granulate  the 
mixture  in  imitation  of  the  lie-tea  of  the  Chinese,  which  has  already 
been  described. 
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These  masses  were  finally  coated,  either  hlack  or  green,  in  imitation 
of  black  or  green  guapowder  teas,  with  a  variety  of  pigmentary  sub- 
stances, some  of  them  of  a  highly  poisonous  nature. 

In  former  years  many  seizui-es  were  made  by  the  Excise  authorities, 
for  the  sale  of  teas,  adulterated  in  this  country  in  one  or  other  of  the 
ways  above  described. 

Among  the  leaves  which  have  been  known  to  be  thus  employed  are 


Fig.  29. 


I 


I 


A,  Leaf  oE  Willow  ;  S,  ditto  of  Poplar. 

those  of  the  sloe,  beech,  box,  elm,  horse-chestnut,  plane,  bastard  plane 
fancy  oak,  vnllow,  poplar,  hawthorn,  and  sycamore.  ' 

The  colouring  matters  employed  and  actually  detected  were  rose  pink 
JJutchpmk,  catechu,  chromate  of  lead,  mlphate  of  iron,  Venetian  red 
carbonate  of  copper,  arsmiteof  coppm;  the  chromates  of  potash,  Prussian 
blue,  mdujo,  carbonate  of  lime,  carbonate  of  magnesia  and  silicate  of  maa- 
nesta  or  soapstone,  also  called  French  chalk.  ^ 

Carbonate  of  copper  occurred  to  the  extent  of  35  per  cent,  in  some 
tea  which  was  seized  in  London  by  the  Excise  in  1843. 
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The  tea  into  tlie  facing  of  which  the  chromate  of  potash  entered 
"was  seized  in  Manchester  in  1845.  At  the  same  time  the  following 
articles  were  found  on  the  premises,  evidently  intended  to  be  used  in 
the  coloiuing  of  adulterated  tea: — A  mixture  of  chromate  of  lead,  car- 
bonate of  lime,  andarsenite  of  copper  ;  a  mixture  of  indigo,  chromate  of 
lead  and  carbonate  of  lime  ;  a  mixture  of  arsenite  of  copper,  carbonate 
of  magnesia  and  Venetian  red. 

In  1848  other  seizm-es  of  green  tea  occurred.    In  some  instances 


Fig.  30. 


C,  Leaf  of  PLAire  ;  D,  ditto  of  Oak. 


the  colouring  matters  employed  amounted  to  7,  8,  and  even  9  per 
cent,  of  the  teas. 

Of  com-se,  the  teas  fabricated  in  the  ways  above  described  were 
not  sold  alone,  but  were  used  for  mixing  with  genuine  teas. 

Mr.  George  Phillips,  of  the  Iidand  Revenue  Office,  states,  in  refer- 
ence to  the  employment  of  exhausted  tea-leaves,  that  in  1843  it  was 
supposed  that  there  were  eight  manufactories  for  the  purpose  of  re- 
drying  exhausted  tea-leaves  in  London  alone,  and  several  besides  in 
various  parts  of  the  country.  Persons  were  employed  to  buy  up  the 
exhausted  leaves  at  hotels,  coffee-houses  and  other  places,  at  twopence- 
halfpenny  and  thi-eepence  a  pound.  These  were  talfen  to  the  manu- 
factories, rinsed  with  a  solution  of  gimi  and  re-dried.    After  this  the 
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dried  leaves,  if  for  black  tea,  were  mixed  with  rose  pink  and  Hack  lead 
to  tace  tliem,  as  it  is  termed  bj  the  trade. 

A  ease  illustrating  the  manufacture  of  spm-ious  tea  in  this  coimtrv 
occiUTed  m  Liverpool,  in  December  1850,  where  a  regular  manu- 
factory was  discovered,  earned  on  by  a  Mr.  John  Stevens.  Saipples 


Rg.  31. 


I 


A,  Leaf  of  the  Hawthobjj  ;  ]},  ditto  of  the  Sloe,  or  VfiLD  Pltim  •  C  ditto  nf  th» 
BEECH ;  A  ditto  of  the  Elder  ;  £,  ditto  of  the  E™'    '      °  °^ 

« -re  £ 
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that  it  was  scarcely  possible  to  identify  tliem  without  the  aid  of  the 
microscope.  A  third  sample  consisted  of  large  lumps  of  ii-regular 
size  and  shape,  formed  of  the  broken  leaves,  including  even  the 
stalks,  agglutinated  by  means  of  catechu.  In  another  specimen 
these  masses  were  broken  down  into  smaller  masses  or  fragments, 
resembling  those  of  gunpowder  tea.  In  this  state  the  article  was  ready 
either  for  mixing  with  genuine  black  tea,  or  for  being  faced  in  imita- 
tion of  gTeen  gunpowder.  Lastly,  other  samples  were  colom-ed  with 
indigo,  and  then  they  very  closely  resembled  the  gi-een  gunpowder  tea 
of  the  Chinese. 

In  1851  a  manufactory  of  spurious  tea  was  discovered  at  27^ 
Olerkenwell  Close,  Clerkenwell  Green.  Inspector  Brennan  deposed  that 
he  found  the  prisoners  in  an  apartment  busily  engaged  in  the  manu- 
factm-e  of  spurious  tea;  there  was  a  furnace  before  which  was  sus- 
pended an  iron  pan,  containing  sloe-leaves  and  exhausted  tea-leaves. 
On  searching  the  premises  an  immense  quantity  of  used  tea  and  bay- 
leaves  was  discovered,  some  of  which  were  mixed  with  a  solution  of 
gum  and  sulphate  of  ii-on.  In  a  back  room  about  100  poimds  of  re- 
di-ied  tea-leaves,  bay-leaves  and  sloe-leaves  were  foimd  spread  on  the 
floor  drying. 


THE  DETECTION    OF  THE  ADTJLTEEATIONS   OE  TEA. 

The  detection  of  the  adulterations  of  tea  may  be  considered  under 
the  five  following  heads : — 

1.  Foreign  leaves. 

2.  Exhausted  tea-leaves. 

3.  Lie-tea. 

4.  Quartz,  sand  and  magnetic  oxide  of  iron. 

5.  Colouring  substances  employed  for  painting  or  facing  the  teas. 


I.  Detection  of  foreign  leaves.— The  leaves  may  occur  in  two 
states,  either  more  or  less  entire  or  broken  up  into  fragments,  which 
may  be  found  either  loose  in  the  dust  of  tea  or  else  agglutmated  by 
means  of  a  solution  of  starch  into  masses,  forming  lie-tea,  and  which 
may  be  either  imcoloured  or  artificially  coloiu-ed  black  or  green. 

For  the  detection  of  the  foreign  leaves  a  thorough  acquaintance 
with  the  tea-leaf  itself  is  necessary  ;  its  shape  and  various  sizes,  the 
crenation  of  the  edges,  its  venation,  and,  lastly,  its  striicture  as 
shown  by  the  microscope,  embracing  particularly  the  size  and  form  ot 
the  cells  and  stomata  and  the  form  and  the  distribution  of  the  hairs. 
All  these  points  are  well  delineated  in  the  figures  of  the  tea-leat 

alreadv  given.  vi  i    j.  iJ. 

A 'knowledge  of  the  characters  of  the  leaves  most  likely  to  oe 
encountered  in  adidterated  tea  is  also  very  desirable,  and  will  facilitate 
their  identification.  To  discover  foreign  leaves  m  a  more  or  less  entire 
state,  the  tea  should  be  infused  in  boiling  water  for  a  few  minutes  and 
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all  suspicious  pieces  spread  out,  aud  tlie  characters  visible  with  the 
naked  eye  compared  with  those  of  the  tea-leaf.  Furthermore,  portions 
ot  any  suspected  leaves  should  be  examined  with  the  microscope  on 
both  the  upper  and  under  surface.  For  the  detection  of  foreign  leaves 
when  reduced  to  the  state  of  dust  the  microscope  must  be  resorted  to 
and  If  he-tea  IS  examined,  the  masses  of  which  it  is  composec  aJe  to 
be  disin  egi-ated  by  means  of  hot  water,  and  the  fragments  of  leaf  thus 
hberated  diligently  and  carefidly  examined  with  that  instrument 
I       In  searchmg  for  foreign  leaves  it  will  occasionally  happen  that 

.trorSo/i:^^^  -  -P-^^fy 

11.  Def.ectwn  of  exhausted  tea-leaves.— Exhausted  tea-leaves  are 
raxety  used  without  being  subjected  to  a  special  process  of  prepTation 
Of  com-se  they  are  re-di-ied,  but  in  addition  they  are  gen e?ally  mixed 

r'w/  l^^^es  present  an  unnaturaUy  glossy  appearance 

In  doubtful  cases,  however,  a  chemical  analysis  will  be  requh-ed 
that  IS  to  say  the  percentage  of  extractive  matter,  with  the  pZorti^ 
of  anmn  and  especially  of  gum,  must  be  determined.  Trwetit 
of  the  ash,  and  particularly  that  portion  of  it  soluble  in  watei  wSl 
a^so  aftord  usefol  data.  _  In  unused  tea  the  propoiSn  of  eltmctive 

I. 

Used  tea-leaves,  from  a  family  teapot:— 


Total  extractive  matter 
Gum  .  .  _  _ 
Tannin 

Theine        .      .  \ 
Sol  uble  ash  of  leaves  '. 
Insoluble  ash  of  leaves 
Nitrogen  of  leaves 


7-20  containine: 

4-66  ^ 

trace 

1-06 

1-86 

g.gi 

3-10%  =  17-85  of  albuminous 
matter,  minus  the 
nitrogen  of  theine. 
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n. 

2  teaspoonfiils  of  tea,  li  breakfast  cup  of  infusion  :- 
Total  extractive  matter       .       .    15-]  6  containing 


Theine 
Tannin 
Gum 

Soluble  ash  of  leaves 

Insoluble  ash  of  leaves 
Kitrogen  of  leaves 


1-20 


.  2-65 
.  8-39 
.  1-88 

.  2-42 

3-36%  =  19-32  of  albuminous 
matter,  minus  the 
nitrogen  of  theine. 

But  exliausted  and  re-dried  leaves  Lave  been  in  former  years  occa- 
sionally found  to  be  mixed  with  sulphate  of  iron.  They  are  also  some- 
times faced  in  imitation  of  gTeen  tea.  The  sulphate  of  iron  would,  of 
course,  be  present  in  any  solution  made  fi'om  the  leaves,  and  both  the 
sulphuric  acid  and  the  iron  might  be  estimated  in  the  ash.  For  the 
estimation  of  these  see  pp.  85  and  111,  and  for  the  detection  of  the 
facing-  the  reader  is  referred  to  Section  V.,  p.  141. 

III.  On  the  detection  of  lie-tea. — The  detection  of  lie-tea  is  by  no 
means  difficult.  Formerly  samples  were  commonly  to  be  met  with 
consisting  wholly  of  lie-tea  made  up  in  imitation  of  a  variety  of  other 
teas,  black  and  green,  especially  gunpowder;  but  now  it  is  found 
only  intermixed  with  other  teas,  especially  with  those  above  referred 
to.  For  its  detection  a  portion  of  the  tea  should  be  spread  out  on  a 
sheet  of  paper  and  examined  with  a  lens,  and  all  suspicious  particles 
removed.  The  little  masses  of  lie-tea  consist  of  tea-dust,  and  some- 
times other  substances,  agglutinated  together  -with  a  solution  of  starch ; 
the  masses  so  formed  usually  present  a  very  different  appearance  to 
the  eye  in  texture,  foi-m,  and  weight  to  portions  of  the  tea-leaf  itself, 
and  by  these  characters  they  may  be  readily  distinguished  by  a  person 
once  accustomed  to  their  appearance  -without  any  fm-ther  examination. 
But  should  there  be  a  doubt,  this  is  at  once  solved  by  pom-ing  upon  the 
masses  a  little  boiling  water,  when,  if  they  consist  of  leaves,  they  will 
quickly  unfold  and  expand,  whereas,  if  of  lie-tea,  they  will  break  do-wn 
and  become  disintegrated,  leaving  a  du-ty  residue,  in  which  mmute 
particles  of  the  tea-leaf  are  \asible. 

But  lie-tea  is  usually  admixed  -with  quartz  or  sand,  and  very  often 
with  magnetic  oxide  of  iron.  If  any  of  these  substances  be  present, 
and  one  of  the  little  massesbe  placed  between  the  teeth,  it  -will  feel  gi-itty ; 
and  if  the  finger  be  pressed  upon  them  when  rendered  soft  by  the  action 
of  hot  water,  the  sand  or  other  mineral  matter  will  be  at  once  felt. 

For  the  separation  and  estimation  of  the  above  three  substances 
processes  have  already  been  given  (see  p.  Ill),  while  for  the  detec- 
tion and  determination  of  the  facing  the  reader  is  refen-ed  to  Section  V . 

The  weight  of  the  ash  of  lie-tea,  after  deducting  the  normal  per- 
centage of  ash  of  tea,  namely,  6  per  cent.,  gives  roughly  the  amount  of 
the  mineral  adulterants  contained  in  the  lie-tea. 
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ly.  Detection  of  quartz,  sand  and  magnetic  oxide  of  iron  —  A 
for  the  estimation  of  the  first  two  of  these  has  already  W  • 
vmder  the  head  of  'Aualysis  of  the  Ash/  and  s   he  tm  as^S 
for  sihca  as  also  a  process  for  the  determination  of  the  iron    But  t  £ 
magne  forms  a  very  vduable  means  whereby  not  onl/the  prese  ce  of 
magnetic  oxide  of  iron  in  tea  may  be  determined  b  rf-  P"^""''''  °[ 
ascertained  with  considerable  accuracy    FofZ  mrnl  n  w  T.^ 
quantity  of  tea  must  be  pulverised  in  a  mortS  ii^i" 
the  whole  of  the  magnetic  oxide  removed  by  amC-w     ThiV  V  ! 
IS  thus  effected.    A  few  gi-ains  of  the  powder  are  sSead  on  n  7  f  1 
white  paper, themagnetbeingdrawn  alongits  iLdersEp  °^ 
par-ticles  are  attracted,  and  which  shoukl  b  C  ghT  o  he  °d"4'  of  twl 
paper.    The  magnetic  oxide  thus  obtained  is  m<^v7nl  ^l     •  F  • 
with  the  dust  of  the  leaves,  which  iW  rf d  o?  b       1?^^°  ^rmixed 
or  by  the  action  of  a  soluLn  of  cll'c  IL^^^^^^^ 
perhaps  a  more  complete,  method  of  sepTratL  rt^^^^^  "^T^"''' 
into  the  powdered  tea  so  long  as  anyTaSes  adL^l^^^^^^  T^^^^ 
to  subject  them  to  incineration      ^  ^  *°  then 

the.pai.icles  of 

oxidation  .inless  subjected  to  a\:^  ^.tg t^pJltS^h^a^ 
\.  On  the  detection  of  the  facino  of  fpn     Ac,  i  "  i  , 
stated,  a  variety  of  substances  a^  eZl6Ved^rtte  1''  ^^7/^^"*^^ 
these  the  principal  are  gi-aphite  or  bScl  Wl  fi        T'"^^.  °^ 
pencils  are^ad?  and  ^^t^t^'^lt^;'^^^  ^^^1^^ 
mdigo,  turmeric,  and  certain  white  mineral  siib.t«n.!!  '  -^'  ".^^,1^"  Wue, 
clay  or  Kaolin,  which  is  a  silicate  of  Zmfm  E^ 
etpToyTd."^^-^^  of  magnesia  and  ^^,.Z^^  ^Z'T^^Z 

which  itseK  consists  o/cSr^^t:^^^^^^^ 

pro- 

and  even  yellow  green  ^      '    ^        ^^^^^^  to  bright 

^^^M^^t'^i^^  ^«  h  — ans 

coloured  or  not.    For  this  mrnio^ ^  7^  •S^'"      ^^'^ artificially 
pursued.    A  few  of  the  leaveTmav  be  X  ^'^^^^'^^ 
the  microscope  with  a  Ss  o?  /ne  inHrfS     """^T^  "^'^'^^^  •^^'J^^ 
matters  enterfng  into  the'crmpositToromfjad^^^^^^   btd  f 

dust  which  passes  through  and  to  examilTf  '  *°  ^^^^^^^t  the 

the  same  manner.         °  '  ^^""'"^    ^^'i^^'  t^^e  microscope  in 
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Or  tlie  dust  found  in  most  packages  of  tea  may  be  taken  and  similarly 
examined. 

Or,  lastly,  a  portion  of  tea  may  be  washed  with  cold  water,  the 
washings  being  set  aside  for  a  time,  when  the  pigmentary  substances 
thus  removed  from  the  surface  of  the  leaves  will  gradually  subside  to 
the  bottom  of  the  glass.  By  the  latter  proceeding,  carefully  earned 
out,  an  estimation  of  the  quantity  of  the  materials  employed  in  the 
facing  may  be  made. 

Having  by  one  or  the  other  of  the  above  methods  determined 
whether  the  samples  be  faced  or  not,  the  next  step  is  to  ascertain  the 
nature  of  the  substances  used. 

Ferrocyanide  of  iron  or  Prussian  blue. — The  blue  colouring  matter 
employed  by  the  Chinese  almost  always  consists  of  Prussian  blue  or 
indigo,  but  generally  the  former.  The  Prussian  blue  may  be  recognised 
under  the  microscope  by  the  angidar  form  of  the  fragments,  their 
brilliant  and  transparent  blue  colour,  and  by  the  action  of  a  drop  of 
liquor  potassse,  which  quickly  destroys  the  blue,  turning  the  fragments 
of  a  dull  reddish  tint,  the  original  colour  being  restored  on  the  addi- 
tion of  dilute  sulphm-ic  acid.  The  re-agents  may  be  readily  applied 
in  very  minute  quantities  to  the  smallest  fragments  of  Prussian  blue 
•\dsible  in  the  field  of  the  microscope ;  the  caustic  potash  decomposes 
the  ferrocyanide  of  iron,  forming  ferrocyanide  of  potash  and  oxide 
of  iron.  On  the  addition  of  the  acid,  sulphate  of  potash  is  formed, 
and  the  hydroferrocyanic  acid  again  unites  with  the  u-ou,  the  oxygen 
of  the  iron  uniting  with  the  hydi-ogen  of  the  latter  acid  to  form  an 
atom  of  water. 

If  a  quantitative  determination  of  the  ferrocyanide  of  iron  present 
be  required,  an  ounce  or  two  of  the  tea  should  he  washed  in  water  to 
remove  the  facing ;  the  washing  should  be  set  aside  until  this  has 
subsided,  it  should  then  be  collected,  burnt,  and  the  ash  treated  in 
the  manner  akeady  described  (p.  Ill),  under  '  Iron.' 

On  the  detection  of  mf%o.— This  substance  is  distinguished  under 
the  microscope  by  the  granular  texture  and  greenish-blue  tint  of  the 
particles,  but  chiefly  by  the  fact  that  the  colour  is  not  discharged 
by  liquor  potasste  at  ordinary  temperatures.  For  the  pm-pose  of 
obtaining  it  in  any  considerable  amount  two  or  three  ounces  of  the 
tea  must" be  washed,  and  the  same  proceeding  adopted  for  separating 
it  as  in  the  case  of  Prussian  blue.  If  obtained  free  from  any  large 
admixture  with  tea-dust,  it  may  be  chemically  identified  by  its  fur- 
nishing a  deep  blue  solution  with  fuming  sulphm-ic  acid,  which 
solution,  after  dilution  with  water,  is  bleached  by  chlorine  and  per- 
manganate of  potash ;  or  by  placing  the  dried  powder  in  a  test-tube 
and  subjecting  it  to  the  action  of  heat,  when  the  indigo  will  sublime 
as  a  violet  vapom-,  which  will  condense  in  the  cool  part  of  the  tube, 
forming  beautiful  needles. 

But  the  best  method  of  identifying  indigo  is  based  upon  the 
fact,  that  it  yields,  on  heating  with  caustic  potash,  aniline,  which 
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may  readily  be  detected  hj  its  strilrino-  a  beautiful  m«o-a,.+o  1 
with  hypochoride  of  lime  or  bleaching  powdei  F^^^^ 
this  test  it  is  necessary  that  the  iudigo  Should  be  bu   Iktle  Samf 
nated  with  organic  matter.  " 

A  method  of  quantitative  estimation  mitrht  be  fmmrlprl  v 
property  of  being  destroyed  and  decolorised  by  a  soliZn  of  ? 
gaiiate  of  potash.    For  (his  purpose  a  soluLn^f  inS^nf  sKiric' 
acid  of  known  strength  should  be  made ;  it  shoidd  be  determined  C/' 
periment  how  much  of  a  solution  of  permanaanate  would  >.f.    ^-  J 
or  Its  discoloration    The  indigo  obtLed        t  Tefhed  rntitv 
of  tea  IS  then  dissolved  by  means  of  sulphuric  acid  IiTd  ^ 
of  permanganate  solution  necessary  to  S  compete  dLn^nvf^^^^ 
likewise  estimated.   Thus  all  the  data  would  be  obtated  S 
necessary  for  the  calculation  of  the  amount  of  Lto  p  e  enJ  il  the 

On  the  detection  of  turmm-ic— The  microsconP  if  tlT  ^ 
of  identifying  turmeric.    It  consists  of  pw!  ?  •     ^''^  o^^J  i^eans 
a  roimded  form,  which  are  fiS  with  ,f.        ''''*'.^  «f 
shape.    The  cells  on  the  XiSof  an  a£S^^^^^  % 

the  outlines  of  the  large  starch  granules  beco^^^^^^ 

On  the  detection  of  black  lead —The  ip+lX!     /  iuimenc'). 

lustre  imparted  to  suitances  coaterwi^tht  Ltri^  L^^^^^^^ 

tenstic  as  to  serve  in  most  cases  for  it<,  ir1pnf,-fi  a  ° 

the  evidence  aiforded  by  Te  eve  a  onP  v  *^""'    ^P^^  fi-om 

ways.   If  a  thin  slice  htle^oZ ^l^V sZlctf'"'^^^^^^ 

faced  with  this  substance,  and  plaSd  under  rt^?!!"^ 

seen  to  be  thicMy  studded  withZmt^is  M  cl  p^a^^^Z^^' 

Again,  if  one  or  two  teaspoonfuls  of  black-leaded  t.  V  -  a    ^  • 
boiling  water,  the  liquid  will  in  manv  ppTp      i        f  °®  mfiised  m 

facing'isconsiderable%cquTe  a  LX3rC  'anr^''  ^^^^^^  of 
bottom  of  the  vessel  containino-  t  will  w'  L"""  ^J^'^Poi-ation  the 
shining  and  characteristTct aSg  of  bkek  L^"^^  *°  ^^^^^^^  ^-^^> 

o.d?ofiirnt=;\cr;^^ 

On  the  detection  of  China  clmi  T'^a.  r»,o+j.       x  • 

of  the  tea  must  be  re-moved  as  aLadv  IT.  f  '1.*';'°^  ^'^^^ 

with  cold  water,  and  thln  oELf  LC  the         ^  rapidly  washi4 

The  deposit  must  be  dried,  iffniterwetC/.  ^T  ^'?!'  subsidence. 

and  then  quantitatively  if  ?e7uir;7  wSlf  ^'l'*^  ^-^^ 

and  alumina,  its  two  p5nci;arconstituS    Ch  {  .T''  ^^'.fo^^iHcI 

silicate  of  magnesia  or  soapstone,  it  wiS  ??;,eceLa^v  f  n  f '  °^ 

is  cXtdSlt^pSTLl^^^^^^  powder 
acid  and  magnesia.      ^      '  described,  and  tested  for  silicic 
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The  detection  of  sulphate  of  lime  or  gyjisum. — The  leaves  of  tea, 
especially  tliose  from  Assam,  are  sometimes  dusted  over  with  sulphate 
of  lime,  and  this  when  no  other  colouring  substances  are  employed. 

The  sulphate  must  he  separated,  as  before  described,  and  the  ash 
treated  with  hydrochloric  acid ;  in  the  solution,  after  dilution  with 
water,  the  sulphuric  acid  and  the  lime  may  be  detected  and  esti- 
mated as  follows  :— One-half  of  the  solution  is  heated  to  boibng, 
chloride  of  barium  is  added ;  this  throws  dow  the  sulphuric  acid 
as  sulphate  of  barium,  which  is  collected  on  a  filter,  incinerated  and 

weighed.  .  -j  i  .  j 

To  the  other  half,  neutralised  with  ammonia  and  then  acidulated 
wdth  acetic  acid,  a  solution  of  oxalate  of  ammonia  is  added,  whereby 
the  lime  is  precipitated  as  oxalate  of  lime,  which  may  be  collected  and 
weighed  directly  or  after  its  conversion  into  carbonate  by  incineration, 
or,  better  still,  into  sulphate  of  lime. 

Various  other  substances  have  been  met  with,  in  years  past,  enter- 
ino-  into  the  facing  of  teas  of  British  fabrication.  Several  of  these 
have  been  already  referred  to.  Others  are  Dutch  pink,  which  consists 
of  a  yeUow  vegetable  substance  in  combination  with  chalk ;  Ease  pmk, 
composed  of  logwood  in  combination  with  carbonate  of  lime  or  chalk ; 
carhonate  of  lime,  and  carbonate  of  magnesia.  It  is  now  so  rare  a 
thino-  to  meet  with  the  two  first-named  pigments  that  it  is  unnecessary 
to  afiude  to  them  anyfui-ther,  while  the  processes  for  the  detection  and 
estimation  of  the  carbonates  of  lime  and  magnesia  are  too  well  l^^own 
to  need  any  description  in  this  place.  Moreover,  processes  will  be 
found  given  elsewhere  in  this  work. 
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CHAPTER  V. 
COFFEE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Chicory  or  any  other  foreign  vegetable  or  any  mineral  sutVstance. 

The  beverage  coffee  consists  of  an  infusion  in  boiling  water  of  tLe 
roasted  seeds  oiCoffea  Arabica,  which  belongs  to  the  natiS-al  order  Rubi- 
acece,  a  plant  indigenous  in  Southern  Abyssinia, 

EUis  gives  the  following  description  of  the  coffee-tree  :— "This  tree 
when  _m  good  health  and  full  grown,  attains  a  height  in  some 
coimtries  not  exceeding-  8  or  10  feet,  but  in  others  averaging  fi-om  15 

Jol  W     Tf  •       '° -''"^         ^  ^I'i^i'^^-'  evergreen 

foliage  It  IS  sown  m  nm-series,  transplanted  when  a^out  six  months 
old,  m  three  yeara  comes  into  fuU  bearing,  and  in  favourable  circum- 
stances will  continue  to  beai-  for  twent|  years.  It  delights  in  a  dTy 
soil  and  warm  situation  ;  its  flowers  are  pale,  white,  fragTant,  and 
rapidly  fading.  Its  fruit  is  lite  that  of  the  cheri-y-tree,  but  it  groWs  in 
clustei-s  ;  withm  the  friut  are  the  seeds  or  berries.  On  dry  and  dented 
parts  the_  hemes  are  smaller  and  have  a  better  flavoiu/but  be  Ses  of 
all  sizes  improve_  m  flavour  or  ripen  by  keeping."  The  seeds  aS 
separated  by  bruising  with  a  heavy  roUer,  .hashed,  and  dried,  and 
lastly,  freed  from  their  paperUke  coating.  The  seeds,  improperly  caUed 
berries  of  Arabian  or  Mocha  cofiee  have  a  more  agreeable  teste  and 
smeU  than  those  of  any  other  coffee,  and  are  distiVished  by  tS 
veUow  colour  and  compai-ative  smaUness  and  roundness.  The  nexJ 
\l  Bom-bon.  The  berries  of  the  former 

are  larger  than  the  Ar-abian  coffee,  rounded  on  the  ends,  of  a  IveeSsh 
CO  01U-,  and  usually  retain  the  thin  pellicle  which  comes  off^  bv  the 
SpT  "'fr  San  Domingo  coffee  have  their  two  extremities 
pointed  ;  those  of  Java  or  East  Indian  coffee  are  larger,  and  of  a  pa  er 
yeUow;  while  those  of  Ceylon,  West  Indian,  and  Brazilian  coffee 
possess  a  bluish  or  gi-eenish-grey  tint.  The  dried  fruits  or  berries  are 
IS.  O^^asionaUy,  however,  the  seeds  contained  in  their 

endocarp,  or  husks,  are  met  with  in  commerce.    Within  ?he  ast  W 
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Mr.  Ward,  resident  for  many  years  in  Sumatra,  states  tliat  as  a 
beverage  tlie  natives  universally  prefer  tlie  leaf  to  the  beiTy,  giving  as 
a  reason,  that  it  contains  more  of  the  bitter  principle  and  is  more 
nutritious.  In  the  lowlands,  coffee  is  not  planted  for  the  berry,  not 
being  sufficiently  productive,  but  for  the  leaf.  The  people  plant  it  round 
their  houses  for  their  own  use.  It  is  an  undoubted  fact  that  every- 
where they  prefer  the  leaf  to  the  berry.' 


THE  COMPOSITION  OF  COFFEE. 

The  following  substances  have  been  ascertained  to  enter  into  the 

composition  of  the  raw  coffee-seed  :—GMm,  sugar,  fat,  resm,  volatile 

oil  or  cafemie,  theine,  cafeic,  or  caffeo-tannic  add  and  cellulose.  The 

subioined  quantitative  analyses  are  by  Schrader  and  Payen  :— 

•>  ^  Haw  CofEee.   Roasted  Coffee. 

Schrader.  Schrader. 

Peculiar  cafFeic  principle       ....  17-58  12-50 

Gummy  and  mucilaginous  extract       .      .  3-64  10-42 

Extractive   0-62  4-80 

Fatty  oil   O'Of  \  2-08 

Kesin   ^'^^  J 

Solid  residue   66-66  68-75 

Loss,  water   10-57  I'oi 

Payen' s  analysis  of  Raw  Coffee. 
Cellulose  

s§;rhKr .     ; .  ,  .  :  :  10  to  13^ 

Glucose,  dextrin,  and  undetermined  acid     .      •  |o  w 

Legumin,  gluten   a  k  K.nn 

CafTeate  of  potash  and  caffeine     .      .      .      •  ^'O  to  » 

Nitrogenous  substance  

Free  caffeine  .  _    Q-OOl 

Concrete  essential  oil   n-nn-' 

Aromatic  fluid,  essential  oil   " 

Mineral  substances  


It  will  be  observed  that  the  analysis  of  Payen  is  much  more  com- 
plete and  definite  than  those  of  Schrader  ;  but  we  have  considered  it 
desu-able  to  institute  the  original  analyses  of  the  raw  and  roasted  coffee- 
seed  given  below : — 


Water  

Cane-sugar  

Caffeine  

Fat  

Gluten  .  .  •  *  ,  ■  •  «  N 
Extractive  (caramel,  gum,  tanmn,  &c.) 

Cellulose,  &c  

Ash  


Eaw  CofEee. 
8-26 
8-18 
1-10 
11-42 
10-68 
14-03 
42-36 
3-97 

100-00 


Roasted  CofEee. 

0-  36 
1'84 

1-  06 
8-30 

12-03 
26-28 
44-96 
5-17 


100-00 
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_     It  will  he  seen  from  the  above  analyses  that  the  amount  of  cafTeme 
IS  nearly  as  great  in  the  roasted  as  in  the  imroasted  beiTy.    It  is  pos- 
sible, however,  that  in  those  cases  in  which  the  roasting  is  caiTied  to 
a  high  point,  and  the  beans  are  much  caramelized,  a  more  appreciable 
reduction  m  the  caffeine  would  take  place.  It  will  be  further  observed 
that  the  amount  of  fatty  matter  is  likewise  greatest  in  the  unroasted 
beiTv.    1  his  result,  although  contrary  to  that  of  other  chemists  is  vet 
onlym  consonance  with  what  might  have  been  reasonably  expected 
since  part  of  the  oil  undoubtedly  becomes  broken  up  and  chemicallv 
chano-ed  in  the  process  of  roasting.    The  difference  in  the  amount  of 
oil  obtamed  by  Von  Bibra  and  other  analysts  is  so  great  that  he  was  led 
to  the  very  stoange  conclusion  that  the  oil  was  formed  in  some  mysterious 
manner  m  the  act  of  roasting  ;  but  the  real  explanation  lies  in  the  tou^-h 
and  horny  character  of  the  um-oasted  bean  itself,  rendering  it  almost 
impossible  to  reduce  it  to  the  fine  powder  necessary  to  ensiu-e  the  ex- 
traction of  aU  the  fatty  matter  by  means  of  ether.   This  difficulty  we 
have  succeeded  in  overcoming  by  rasping  the  dried  hemes  with  a  fine 
Me.    In  this  way  we  obtained  an  almost  impalpable  powder,  which, 
however,  should  be  completely  diied  before  adding  the  ether 

According  to  Stenhouse,  coffee  beans  contain  about  12  per  cent,  of 
tat.    Von  Bibra  obtained  from  roasted  Mocha  coffee  8-8  and  9-3  per 
cent.,  and  from  Java  coffee  8-9  to  9-2  per  cent  of  oU  ^ 
by  o^sekS^-i^        °^  estimations  of  fatty  matter  in  coffee  made 
Coffee  . 


Mysore  coffee 
East  India  coffee 
Jamaica 


8-42 
8-65 
8-24 

6-  10 

7-  88 

--  ...  8-30 

„    (unroasted)       .  1047 


Average      .  8-29 

consistency  of  cocoa-butter, 
fri  fl,    ''i^i-l  ^"r^^'r^^'^^^  of  eoffee,  which  appears  to  be  produced 
from  the  volatile  oil  of  the  raw  beans  by  roasting  ;  by  boilin^  the  fat 
with  water  the  aroma  is  driven  off.    The  fat  is°a  mfxtm-e  of  severa 
glycerides,  some  of  which  are  likewise  soluble  in  alcohol.  It  appears  to 
contain  o  em  and  pabn  tin,  too:ether  with  resin  and  some  hySarbon 
£l?nft°  f Y'''-    T>  ethereal  extract  likewise  cCta  ns  the 
whole  of  the  free  caffeine  and  a  body  which  colom-s  iron  salts  greenish 
precipitates  lead  salts,  and  reduces  gold  and  silver  salts'  (wfttsT 

Messrs.  Graham,  Stenhouse,  and  CampbeU  state  that  raw  coffee  con- 
terns  as  much  as  from  6  to  7  per  cent,  of  cane-su^ar.  We  have  fo^m<^ 
Dver  8  per  cent  This  is  either  entirely  destroyed  in  the  roaSl  o^^t 
Sr'^ff'^'  ^"^^  The  same  authorfties  givrthe  SlC  in 

roasted  coffee  as  ranging  between  2-5  and  3  per  cent.  Watts^^Vea 
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the  proportion  of  nitrogen"  in  roasted  coffee  at  about  2*75  per 
cent.,  and  states  that  less  than  2  per  cent,  of  nitrogen  in  coffee  is  a 
strong  presumption  of  adulteration  with  chicory  or  some  other 
root.  He  gives  the  nitrogen  in  foreign  raw  chicory  as  1*51  per  cent., 
in  the  roasted  root  1-42  per  cent.,  while  English  chicory  gave  in  the 
raw  state  1-86,  and  in  the  roasted  state  1'74  per  cent  of  niti-ogen. 

The  author  has  obtained  the  following  percentages  of  nitrogen 
from  four  samples  of  coffee  : — 

Coffee  roasted       ....  2-07 

„       „   2-14 

Jamaica  coffee  roasted    .       .      .  2-19 

„         „   green      .      .      .  2-14 

Average      .  243 


During  the  roasting  of  coffee  the  berries  swell  up,  lose  much 
water,  and  become,  according  to  the  extent  to  which  the  roasting  is 
can-ied,  from  15  to  25  per  cent,  lighter  ;  the  beautiful  and  character- 
istic aroma  is  developed,  the  sugar  is  converted  into  caramel,  carbonic 
cxide  and  nitrogen  being  liberated.  Coffee  should  not  be  roasted  at 
a  temperatm-e  exceeding  160°  C. 

It  will  be  seen  that  the  three  most  important  constituents  entering 
into  the  composition  of  coffee  are  the  volatile  oil  called  caff'eone ;  the  cqfeic 
acid  analogous  to  the  tannin  of  tea,  and  cajfeine,  identical  vnth  theine. 

The  cafeic  acid,  like  tannic  acid,  is  astringent,  but  differs  from  it  in 
that  it  does  not  blacken  a  solution  of  iron,  but  renders  it  green,  and 
does  not  precipitate  a  solution  of  gelatine.  This  acid,  though  changed 
somewhat  by  the  roasting,  yet  retains  to  some  extent  its  astringent  pro- 
perties. Like  quinic  acid,  caffeic  acid  yields  quinone  when  the  syrupy 
extract  of  coffee  is  mixed  in  a  retort  with  binoxide  of  manganese  and 
sulphuric  acid,  and  the  mixtm-e  subjected  to  distillation.  The  quinone 
passes  over  into  the  receiver  in  the  form  of  yellow  crystals,  as  weU  as 
m  that  of  a  bright  yellow  liquid  containing  quinone,  with  much  formic 
acid ;  quinone  is  distinguished  by  its  acrid  odour,  resembling  that  of 
chlorine ;  with  ammonia  its  solution  gives  a  sepia-hlack  colour,  con- 
verted into  reddish-brown  by  sulphuretted  hydrogen,  and  discharged 
by  sulphurous  acid. 

Caffeine  exists  in  coffee  partly  in  the  free  state,  and  m  part  combined 
with  the  cafifeo-tannic  acid.  It"  resembles  in  its  coloiu-,  crystallisation, 
solubility  in  water,  alcohol  and  ether,  and  in  being  precipitated  from 
its  aqueous  solution  by  tannin,  the  identical  principle  theine. 

The  total  amount  of  caffeine,  both  free  and  combined,  in  coffee  is, 
according  to  Payen,  about  1-736  per  cent.  This  amount  is  higher 
than  that  obtained  by  other  chemists ;  Parkes  puts  it  down  as  1-31 
per  cent.  The  average  of  Boutron's  and  Robiquet's  analysis  gave  onl^ 
0-238  per  cent  of  caffeine. 
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Messrs.  Graham  and  Stenhouse  obtained  from  five  different  samples 
of  raw  coffee  the  following  amounts  of  caffeine : — 


Native  Ceylon 


Plantation  Cej-lon 
»>  .  "  • 

Average 


0-80 

0-  80 

1-  01 
0-54 
0-83 

0-80 


We  have  found  the  following  amounts  in  seven  determinations  :- 

Caffeine. 


Coffee 

)»  - 
Mysore  coffee 
Ceylon  „ 
Plantation,, 
Jamaica  „ 

„     green  coffee 


Average 


1-46 
174 
1-20 
1-14 
1-39 
1-06 
I-IO 

1-30 


It  thus  appears  that  coffee  contains  somewhat  more  than  half  as 
much  of  this  alkaloid  as  does  tea,  which  furnishes  an  averao-e  of  over 
2  per  cent.  ° 

Prof.  Johnston  states  that,  weight  for  weight,  tea  yields  about  twice 
as  much  theme  as  coffee  does  to  the  water  in  which  it  is  inflised  '  but 
as  we  generally  use  a  greater  weight  of  coffee  than  we  do  of  tea  in 
preparing  om-  beverages,  a  cup  of  coffee  of  ordinary  strength  will 
probably  contain  as  much  theine  as  a  cup  of  ordinary  Encash  tea 
Onecup  of  strono;  French  coffee  will  contain  twice  as  much  caffeine  as 
a  cup  of  weak  French  tea.' 

In  some  countries  the  gi-ounds  of  coffee  are  drimk  in  the  same 
manner  as  are  the  broken  leaves  of  tea,  and  this  with  the  same  object 
to  obtain  all  the  nourishment,  including  the  nitrogenous  substances 
present  in  the  berry.  The  two  subjoined  analyses  serve  to  show  the 
comparative  composition  of  the  roaated  coffee  beny  and  the  tea-leaf-— 


Water. 

Gum  and  sugar  . 
Gluten 
Theine 

fat  and  volatile  oil 
Tannic  acid 
Woodj'  fibre 
Ash  . 

The  above  analyses  must  not  be  relied  upon  for  any  other  purpose 


Tea. 

Coffee. 

Mulder. 

Payen. 

5-0 

12-0 

21-0 

15-5 

25-0 

13-0 

0-5 

0-75 

4-0 

13-0 

15-0 

5-0 

24-0 

34-0 

5-5 

675 
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than  that  of  a  general  comparison.  It  will  be  seen  that  the  theine  is 
much  imdei'stated  in  the  tea. 

The  proportion  of  soluble  matter  obtained  from  coffee  is  increased 
by  sti'ong  roasting.  According  to  Cadet,  coffee  roasted  to  a  red-brown 
colour  yields  12-3  per  cent.,  chestnut-brown  coffee  18'5  per  cent.,  and 
dark  brown  23-7  per  cent,  of  extractive.  Payen  obtained  37  per  cent. 
Lehmann  found  in  roasted  Java  coffee  21-5,  while  Vogel  found  in  the 
raw  beans  only  25  per  cent.,  but  in  the  roasted  39  per  cent. 

The  author  has  obtained  the  following  percentages  of  extractive 
matter  from  various  samples  of  coffee : — 


Extractive  Matter. 


Coffee 


M}-sore  coffee . 
East  India  coffee 
Jamaica  „ 


Average 


25-13 
23-17 

29-  34 

30-  64 
30-38 
29-43 

28-01 


Partes  states  that  it  ought  to  yield  from  30  to  35  per  cent,  of  ex- 

The  leaves  of  coffee.— Ta&  dried  leaves  of  coffee  resemble  in  com- 
position to  a  considerable  extent  the  berries,  and  hence  they  are 
employed  as  a  substitute  for  coffee-seeds  and  for  leaves.  A  sample 
of  the  leaves  dried  at  rather  a  high  temperatm-e  was  exammed  by 
Stenhouse  ;  they  were  found  to  contain  1-2  per  cent,  of  calfeme,  and 
2-1  per  cent  of  nitrogen,  and  a  lai-ger  proportion  of  cafleo-tanmc  acid 
than  the  beans.    They  yielded  to  water  38-8  per  cent,  of  extractive 

matter.  ,        .      .  ,•, 

As  with  tea,  it  is  important  to  determme  in  some  cases  the 

amount  and  compositimi  of  the  ash  furnished  by  coffee. 

The  percentage  of  the  ash  is  shown  m  the  following  table  :— 


Mineral  Matter. 


Coffee 


Mysore  coffee 
East  Indian  „ 
Jamaica  „ 


Average 


Total. 
4-75 
4-50 
4-17 
4-29 
4-07 
4-59 

4-56 


Soluble. 


3-53 
3-24 
3-71 

3-49 


The  soluble  portion  of  the  ash  consists  chiefly  of  phosphate  and 
carbonate  of  potash.  In  the  case  of  chicory  the  proportion  of  soluble 
ash  is  much  less  than  in  coffee ;  while  tnree-fourtlis  of  the  ash  are 
soluble  in  the  one  case,  about  two-fifths  are  so  m  the  other. 
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The  following  analyses  of  the  ash  of  coifee  are  by  Messrs.  Graham, 
Stenhouse,  and  Campbell : — 


Analyses  of  the  Ash  of  Coffee. 


Plantation 
Ceylon. 

Native 
Ceylon. 

t 

1-5 

Costa  Rica. 

Jamaica. 

Mocha. 

c 
1 

!5 

Potash  . 

55-10 

52-72 

54-10 

53-20 

53-72 

51-52 

55-80 

Soda 

Lmie 

4-10 

4-68 

4-11 

4-61 

6-16 

5-87 

5-68 

Magnesia 

8-42 

8-46 

8-20 

8-66 

8-37 

8-87 

8-49 

0-45 

0-98 

\)  i  o 

0-63 

0-44 

0-44 

U-bl 

Sulphuric  acid 

3-62 

4-48 

3-49 

3-82 

3-10 

5-26 

3-09 

Chlorine  . 

1-11 

0-45 

0-26 

1-00 

0-72 

0-69 

0-60 

Carbonic  acid  . 

17-47 

16-93 

18-13 

16-34 

16-54 

16-98 

14-92 

Phosphoric  acid 

10-36 

10-60 

11-05 

10-80 

11-13 

10-15 

10-85 

Silica  ... 

Sand 

Total  . 

100-68 

100-20 

99-97 

99-06 

100-18 

99-68 

100-04 

The  principal  peculiarities  of  the  ash  of  coffee  are  the  absence  of 
soda  and  silica,  and  the  small  quantity  of  chlorine,  and  of  sesquioxide 
of  iron,  in  aU  which  respects  it  differs  remarkably  fi-om  the  ash  of 
chicory.  Watts  states  that  the  silica  never  exceeds  0-5  per  cent.,  and 
even  this  small  quantity,  which  is  not  always  present,  probably  arises 
from  accidental  adhesion  of  sand  to  the  beans.  Chicory  ash,  on  the 
other  hand,  contains,  deducting  sand,  from  3-81  to  10-52  per  cent,  of 
silica. 


THE  PROPERTLBS  OF  COFFEE. 

Pereira  thus  sums  up  the  properties  of  the  infusion  of  the  roasted 
coffee-seeds : — '  Eoasted  coffee  possesses  powerful  anti-soporific  pro- 
perties— hence  its  use  as  a  drink  by  those  who  desire  nocturnal  study, 
and  as  an  antidote  to  counteract  the  effects  of  opiimi  and  other  nar- 
cotics, and  to  relieve  intoxication.  In  those  unaccustomed  to  its  use 
It  IS  apt  to  occasion  thirst  and  constipation.  On  some  persons  it  acts 
as  a  shght  purgative.  It  is  occasionally  useful  in  relieving  headache 
especially  the  form  called  nervous.  It  has  been  employed  as  a  febrifuge' 
m  intermittent  and  as  a  stomachic  in  some  forms  of  dyspepsia,  and  as 
a  stimulant  to  the  cerebro-spinal  system  in  some  nervous  disorders, 
i  layer,  Dr.  Percival,  and  others  have  used  it  in  spasmodic  asthma,  and 
L,aennec  says :  "  I  have  myself  seen  several  cases  in  which  coffee  was 
really  useful."    The  immoderate  use  of  coffee  is  said  to  produce 


152 


COFFEE  AND  ITS  ADULTERATIONS. 


nervous  symptoms,  such  as  anxiety,  tremor,  disordered  vision,  palpita- 
tion, and  feverishness.' 

Ooifee  is  also  supposed  to  counteract  the  tendency  to  the  formation 
of  g-ravel  and  stone. 

The  properties  and  effects  of  coffee  are  thus  described  by  Professor 
Johnstone : — '  It  exhilarates,  arouses,  and  keeps  awake.  It  coimteracts 
the  stupor  occasioned  by  fatigue,  by  disease  or  by  opium ;  it  aUays 
hunger  to  a  certain  extent,  gives  to  the  weary  increased  strength  and 
vigoiu',  and  imparts  a  feeling  of  comfort  and  repose.  Its  physiological 
effects  upon  the  system,  so  far  as  they  have  been  investigated,  appear 
to  be,  that  while  it  makes  the  brain  more  active,  it  soothes  the  body 
generally,  makes  the  change  and  waste  of  matter  slower,  and  the 
demand  for  food  in  consequence  less.  All  these  effects  it  owes  to  the 
conjoint  action  of  three  ingredients  very  similar  to  those  contained  in 
tea.' 

The  volatile  oil. — When  roasted  and  ground  coffee  is  distilled  with 
water  the  volatile  aromatic  oil  passes  over,  and  by  drinking  this  oil 
with  water  its  effects  may  be  ascertained.  When  the  oil  obtained  fi-om 
two  ounces  of  coffee  is  taken  in  a  day,  it  is  found  to  produce  an  agreeable 
excitement  and  gentle  perspiration,  to  dispel  the  sensation  of  hunger 
and  to  move  the  bowels.  '  In  its  exhilarating  action  upon  the  brain  it 
affects  the  imagination  less  than  the  reasoning  powers'  (Johnston). 
When  the  dose  of  oil  was  doubled  violent  perspu-ation  came  on  with 
sleeplessness  and  symptoms  of  congestion.  Lehmann,  by  a  series  of 
careful  observations  and  experiments  on  the  mine,  ascertained  that  it 
exercised  an  effect  equal  .to  that  of  caffeine  in  retarding  the  waste  of 

tllG  tlSSUGS. 

The  caffeic  add. — Messrs.  Graham  and  Stenhouse  state  that  chemists 
o-eneraUy  are  disposed  to  refer  the  flavom-  and  peculiar  properties  of 
coffee  as  a  beverage  more  to  the  caffeic  acid,  particularly  after  that  , 
substance  is  modified  in  its  properties  by  roasting,  than  to  any  other 
constituent.  The  quantity  present  is  much  less  than  the  tannm  in 
tea,  and  consequently  coffee  does  not  retard  to  the  same  extent  the 
action  of  the  bowels,  its  operation  being  furthermore  counteracted  by 
the  volatile  aromatic  oil  which  exerts  an  aperient  tendency. 

Caffeine.— It  has  been  already  stated  that  the  cafleme  is  identical 
with  theine,  the  action  of  which  on  the  system  has  been  before  de- 
scribed In  Pereira's  '  Materia  Medica  '  we  meet  with  the  foUowing 
observations  relative  to  the  properties  of  caffeine :— '  Mulder  ^ave  a 
o-raiu  to  a  rabbit ;  the  animal  ate  but  little  the  next  day,  and  aborted 
the  day  after.  Liebig  has  suggested  that  it  probably  contributes  to 
the  formation  of  tamine,the  nitrogenised  constituent  of  bile.  According 
to  Lehmann  cafl^ine,  in  doses  of  from  2  to  10  grains,  causes  violent 
excitement  of  the  vascular  and  nervous  systems,  palpitation  ot  tlie 
heai't,  extraordinary  frequency,  irregidaiity,  and  often  intermission  ot 
pulse :  oppression  of  the  chest,  pains  in  the  head,  confusion  of  the 
senses,  singing  in  the  ears,  scintillations  before  the  eyes,  sleeplessness, 
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and  delu-ium.  In  all  cases  an  augmentation  was  found  in  the  amount 
of  m-ea  excreted.' 

THE  ANALYSIS  OE  COFFEE. 

The  analyst  may  have  to  determine  either  the  composition  of  the 
raw  or  roasted  seed.  In  either  case  it  will  be  necessary  that  it  be  pre- 
yiously  reduced  to  a  fine  powder,  and  in  the  case  of  the  roasted  berry 
it  is  best  that  the  analysis  should  be  made  while  it  is  in  its  freshly- 
roasted  state. 

The  following  determinations  will  in  most  cases  be  requii-ed  to  be 
made :— Water,  fat,  sugar,  gluten,  volatile  oil,  cafTeic  acid,  theine,  and 
the  ash. 

Many  of  the  requisite  particulars  and  processes  will  be  found 
described  under  the  head  of  the  analysis  of  tea,  so  that  it  will  not 
be  necessarv  to  give  them  all  fully  in  this  place.  Thus,  the 
water  is  estimated  in  the  usual  manner  by  drying,  the  gluten  by 
the  estimation  of  the  nitrogen  by  the  combustion  process,  the  volatile 
oil  by  distillation,  the  theine  by  one  or  the  other  of  the  processes 
given  under  the  head  of  tea,  and  the  mineral  matter  by  incineration. 

But  since  the  cofiee  berry  contains  so  large  a  quantity  of  oily 
matter,  it  becomes  necessary  to  filter  the  aqueous  solution  of  the  ex- 
tractive matter  prior  to  its  evaporation  for  the  estimation  of  caffeine. 

We  have  thus  only  to  describe  the  methods  for  the  estimation  of  the 
fixed  oil,  the  sugar,  and  the  cafleic  acid. 

Estimation  of  the  fixed  oil.— A.  weighed  quantity  of  the  finely- 
ground  coffee,  say  thi-ee  gi-amnies,  is  dried  in  the  water-bath  in  a  small 
tiask  and  exhausted  by  repeated  quantities  of  ether  until  a  few  drops 
ot  the  solution,  when  evaporated  on  a  slip  of  glass,  cease  to  leave  any 
residue.  The  ethereal  solutions  are  evaporated  in  a  flask,  the  weioht 
°t  ^-^^  determined,  after  which  the  flask  is  again  weighed, 

the  chfterence  giving  the  quantity  of  fat  present  in  the  coflee.  Or  the 
weight  of  the  exhausted  coffee  maybe  taken,  and  the  deficiency  will  of 
course  represent  the  amount  of  fat.  Part  of  the  caffeine  is  always  dis- 
solved by  the  ether,  together  with  the  fat,  and  may  be  separated  by 
digestion  with  hot  water.  r  j 

Estimation  of  sugar.— O^ffrng  to  the  fact  that  the  copper  solu- 
tion IS  reduced  by  the  caffeic  acid,  the  sugar  after  its  conversion  into 
glucose  cannot  be  estimated  in  coffee  in  the  ordinary  way,  but  it  must 
be  converted  into  alcohol  and  estimated  in  this  form.  About  150 
^ammes  of  the  gi-ound  coffee  are  to  be  treated  with  separate  quantities 
ot  cold  or  warm  water.  To  the  solution,  after  filtration,  sufficient  yeast 
IS  aacled  to  induce  fermentation  ;  this  is  to  be  continued  for  48  hom-s 
tile  mtusion  being  kept  at  a  temperature  of  from  27°  to  32°  C  The 
liqmd  13  to  be  distilled  nearly  to  dryness  ;  the  quantity,  as  well  as 
the  specific  gravity,  of  the  distillate  being  taken,  and  the  su^ar  deter- 
mined trom  the  quantity  of  alcohol  thus  formed.  92  parts  of  alcohol 
are  equal  to  180  parts  of  glucose.    Or  the  caffeic  acid  17^6  precipi- 
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tated  by  means  of  acetate  of  lead  and  the  sugar  determined  in  the 
filtrate  in  the  usual  manner  after  conversion  into  glucose  by  means  of 
dilute  sulphm-ic  acid. 

ON  THE  STETJCTTTBE  OP  THE  COEFBE-SEED. 

Two  parts  are  to  be  discriminated  in  the  coffee  berry;  the  substance 
of  the  berry,  and  the  testa  or  covering  by  which  it  is  surrounded.  The 
berry  previous  to  roasting  is  hard  and  tough  ;  it  consists  of  an  assem- 
blage of  cells  of  an  angular  form,  which  adhere  so  firmly  together  that 
they  break  up  into  pieces  rather  than  separate  into  perfect  cells.  The 
cavities  of  these  cells  include  in  the  form  of  little  drops  a  considerable 
quantity  of  oily  matter.  (Fig.  32.) 

Fig.  32. 


Section  of  Unroasted  Cottee  Berry,  showing  tlie  size  ar.d  forni  of 
the  cells,  as  well  as  the  drops  of  oil  contained  within  their  cavities. 
Drawn  with  the  Camera  Luoida,  and  magnified  140  diameters. 


The  testa  or  investing  membrane  is  made  up  principally  of  elon- 
gated and  adherent  cells,  forming  a  single  layer,  and  presenting  oblique 
markino-s  on  their  surfaces.  These  cells  rest  upon  a  thin  membrane 
having^an  indistinct  fibrous  structm-e.  Between  the  beriy  and  its 
coverino-  some  oily  matter  is  usually  present.  (Fig.  33.) 

The'removal  of  this  membrane  may  be  easily  effected,  since  m  the 
act  of  roasting  it  becomes  separated  from  the  beny,  when  it  is  known 
by  the  name  of '  coffee-flights.'  ,       ■,     n  u 

In  the  grove  or  '  raphe '  which  runs  along  each  seed,  a  few  small 
double  spu-al  vessels  are  usually  met  with. 
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_  The  roastino-  of  the  seed  does  not  alter  its  structure ;  the  tissues  are 
Scs'^ff^ifw^  but.they  still  preserve  theil-  chierchia  ! 
tenstics.  I  he  oi ,  however,  is  no  longer  visible  in  the  cells  in  the 
foi-m  of  minu  e  spherules,  it  having  becSme  broken  up  and  d  flu  ed  by 
the  heat  employed  m  the  process  of  roasting.    (Figs  34  and  Ss')  ^ 

Kg.  33. 


A  portion        J^^^''  Membiunb  of  the  Coffee  Berry,  showing  its  struotnre. 
Drawn  with  the  Camera  Luoida,  and  magnified  140  diameters. 

OSr  THE  ADTTITERATIONS  OP  COITEE. 

^^offr!^t7^''■^  Since  there  were  few  articles  of  consumption  more  sub- 
At  fl/;-      ''r'^'^^^^r^'T'       tliis  of  the  grossest  kind,  than  coffee 
;^nfF^  ^      "^^"^      ^''^  '^'''"^'^       attention  to  the  adulteration  of 
coffee  It  was  scarce  y  possible  to  procure  a  sample  of  gi-ound  coffee  no 
matter  what  the  pnce  paid  for  it,  that  was  not  largelfadultemted 

Adulte>;a^on  ,mth  cMcory.-The  most  prevalL^  Section  of 
8°n!e'  1^'^  f'''''^:       ^^^^ly  -i^B  examined  some  years 

t^xne  coffee  is  still  much  adulterated  wiihlh^il^^^^^^^^^ 
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sold  with  the  lahels  now  prescribed  by  the  law—'  This  is  a  mixture  of 
chicory  and  coffee' — often  consists  of  little  else  than  chicory. 

Even  the  grinding  of  the  coffee  in  the  presence  of  the  purchaser 
is  said  to  be  no  certain  guarantee  of  the  genuineness  of  the  article,  as 
not  unfrequently  the  grocer  adroitly  conveys  into  the  mill,  from  a  box 
placed  close  to  it,  as  many  chicory  nibs  as  he  pleases,  and  which,  owing 
to  their  resemblance  in  size  and  colour  to  coffee  berries,  are  not  readily 
distinguished  at  a  short  distance. 

Even  whole  roasted  coffee  has  been  adulterated  with  chicory, 
which  in  this  case  is  compressed  into  the  form  of  coffee-seeds.  In 


Fig.  34. 


A  fragment  of  Boasted  Coppeb.   Drawn  with  the  Camera  Lucida,  and  magnified 

140  diameters. 

1850,  Messrs.  Duclcworth,  of  Liverpool,  took  out  a  patent  for  moulding 
chicory  into  the  shape  of  coffee-seeds.  They  appeared  to  have  been 
induced  to  do  so  in  consequence  of  the  existence  in  1850  of  a  lYeasury 
Minute,  which  allowed  the  sale  of  chicory  with  coffee  without  any 
restriction.  .  ,  . 

It  has  been  strenuously  lu^ged,  in  extenuation  of  this  adulteration, 
that  the  addition  of  chicory  to  coffee  is  a  great  improvement  ihere 
are  undoubtedly  some  few  persons  who  do  consider  that  it  does  im- 
prove the  flavour,  but  we  believe  that  the  taste  of  those  who  really 
prefer  the  mixture  has  been  vitiated,  and  that  had  they  the  opportunity 
of  obtaining  well-prepared  and  unadulterated  coffee,  they  wouia 
speedily  acknowledge  the  infinite  superiority  of  the  genmne  bevera^-e, 
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even  as  a  matter  of  taste.  "When  the  relative  properties  of  coffee  and 
chicory  are  taken  into  account,  no  doubt  whatever  can  be  entertained 
as  to  which  is  the  superior  article ;  Chicory  being  destitute  of  the  three 
prime  constituents— the  volatile  oil,  the  caffeine,  and  the  caffeic  acid 
which  impart  to  coffee  its  peculiar,  beneficial,  and  highly  characteristic 
properties.  It  has  been  affirmed  that  in  France  and  in  other  continental 
countries  the  use  of  chicory  is  almost  universal.  We  have  found  that 
in  all  the  good  hotels  in  France  and  Germany  the  coffee  served  up  has 
been  genuine,  and  that  where  chicory  has  been  employed,  either  sepa- 

rigi  35. 


This  engraving  exhibits  the  characters  of  genuine  ground  Cowsz. 

rately  or  mixed  with  coffee,  it  has  been  by  poor  persons  and  amouoat 
tbe  domestics,  not  because  it  was  considered  to  be  an  improvement 
but  on  the  score  of  economy.  Where  money  is  not  an  obiect  and 
Where  the  best  coffee  is  required,  chicoiy  is  but  seldom  had  recourse 
to.  Again,  if  really  an  improvement,  as  some  persons  consider  it 
would  only  be  so  when  employed  in  certain  proportions.  Now  in  the 
ground  coffee  sold  in  the  shops  of  this  country,  it  is  met  with  in  every 
proportion,  it  constituting  sometimes  over  90  per  cent,  of  the  article 
ihe  allegation  that  chicoiy  improves  the  flavour  of  coffee  would  not 
warrant  its  use  to  anything  lilce  this  extent. 
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It  cannot,  therefore,  he  doubted  for  a  moment  that  the  real  cause 
of  the  extensive  employment  of  chicory  in  this  country  is  that  by  its 
means  grocers  are  enabled  to  enhance  greatly  their  profits.  But  we  will 
suppose,  for  the  sake  of  argument,  that  it  is  a  decided  improvement ; 
yet  this  does  not  justify  the  sale  of  a  mixtm-e  of  chicory  and  coffee  as 
and  under  the  name  of  coffee,  coffee  frequently  forming  but  a  small 
percentage  of  the  article.  Such  a  mixture,  if  permitted  at  all,  should 
not  only  be  labelled  as  a  mixtMe,  but  the  proportions  of  each  ingredient 
should  be  specified. 

Few  persons  will  be  disposed  to  question  the  right  of  the  pur- 
chaser when  he  enters  a  shop,  and  asks  for  a  particidar  article,  to 
expect  that  he  will  be  supplied  with  the  article  he  demands,  and 
that  if  he  asks  for  coffee  he  will  be  supplied  with  coffee,  and  not 
with  a  mixture  of  two  articles  in  the  most  uncertain  proportions. 
Let  the  two  substances,  therefore,  be  sold  separately  and  at  their 
respective  prices.  This  is  the  simple  and  straightfoi-ward  coiu-se  to 
pui'sue. 

At  length,  and  after  years  of  labour  and  argument,  the  Govern- 
ment was  di'iven  to  acknowledge  the  impropriety  of  permitting  chicory 
to  be  sold  under  the  name  of  coffee,  and  frequently  also  at  the  price  of 
that  article,  and  within  the  last  few  years  it  has  been  required  that  the 
mixed  articles  should  be  sold  labelled  '  This  is  a  mixtm-e  of  chicory 
and  coffee.'  But  this  regulation  by  no  mefcs  fulfils  the  requirements 
of  justice,  because  the  mixture  is  often  pahned  off  when  coffee  only 
is  asked  for,  and  because  the  proportions  of  the  ingredients  are  not 
stated. 

But  there  is  one  circumstance  which  has  been  ah'eady  adverted 
to,  and  which  should  be  particularly  remembered  in  considering  the 
question  of  the  adulteration  of  coffee  with  chicory — namely,  the 
differences,  chemical  and  physiological,  which  exist  between  the  two 
articles. 

Coffee  and  chicory  contrasted. — Coffee  is  the  seed  of  a  plant  which 
in  its  roasted  condition  contains  essential  oU,  or  caff'eone,  caffeine,  and 
caffeic  acid,  each  of  these  constituents  possessing  highly  important 
properties  upon  which  the  value  of  coffee  mainly^  depends.  Chicory 
IS  the  root  of  a  plant ;  it  contains  neither  essential  oil,  tannic  acid, 
nor  an  alkaloid  analogous  to  that  of  coffee,  it  consisting  chiefly,  when 
roasted,  of  gum,  sugar,  partly  burnt  and  reduced  to  caramel,  and 
insoluble  vegetable  tissue.  Between  the  two  articles,  therefore,  there 
is  no  analogy  whatever,  and  in  proportion  as  the  strength  of  coffee  is 
reduced  by  admixture  with  chicory,  so  are  the  active  properties  of  the 
beverage  diminished. 

It  is  the  presence  of  these  active  constituents  of  coffee,  and  which 
are  contained  in  tea,  and  also  cocoa,  which  has  led  to  the  almost 
universal  employment  of  these  articles  over  nearly  the  whole  of  the 
inhabited  portions  of  the  globe. 
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But  coffee  is  subject  to  adulteration  with  a  Tariety  of  other  artiolp^. 
besides  chicory.  •^•■^^Ka 

Adulteration  with  roasted  grain.  —  The  adulteration  which  was 
formerly  most  frequently  practised  next  to  that  with  chicory  was  with 
roasted  grain,  pnncipaUy  tuheat,  but  rye  and  roasted  jjcas  and  beans 
ground  into  powder,  were  also  not  unfrequently  met  with  ' 

Adulteration  xoith  roasted  rooiJs.— Eoasted  carrots,  parsnips,  and 

Pig.  86. 


Other  articles  which  have  been  ascertained  to  be  used  fnr  oo 
purpose,  and  most  of  which  we  have  ourselves  encomiTere^^^^^^^^^^^ 
Trtl.-T'^'^l  (especially  mahogany  sawdust),   eoZ,  (fiff  IS 
(an  article  made  from  roasted  and  ground  lumn  seeds\  anV  hK 
exhausted  tan,  termed  Croats,  and  hEed  Tor  Jlvl"  ^'     ^  ^"'^ 

Adulteration  with  baked  liver. —In  a  work  cublishprl  t,^-™, 
years  since  entitled  'Coffee  As  It  Is,  and  If  ft  Ouit  to  Be'^Z 
following  observationa  occur  in  reference  to  the  use  of  Ued  hoses' 
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and  biilloclvs'  livers :— '  In  various  parts  of  the  metropolis,  but  more 
especially  in  the  east,  are  to  be  found  liver  bakers.  These  men  talie 
the  livers  of  oxen  and  horses,  bake  them, and  prind  them  into  a  powder 
which  they  sell  to  the  low-priced  cofFee-shop  keepers  at  from  4cl  to  6d. 
per  poimd",  horses'  liver  coffee  bearing  the  hio-hest  price.'  It  may  be 
known,  the  writer  states, '  bv  allowing  the  coffee  to  stand  until  cold, 
when  a  thick  pellicle  or  skin"  will  be  found  upon  the  top  ;  it  goes  fiu-- 
ther  than  coffee,  and  is  generally  mixed  with  coffee  and  other  vege- 
table imitations  of  coffee.'  .        ^     a-  ■ 

Adulteration  with  bnrnt  sugar.  — The  adulteration  of  coffee  in 
some  cases  so  gi-eatly  alters,  and  reduces  the  colour  and  appearance  of 
the  article  as  well  as  the  infusion  made  from  it,  that  the  use  of  colour- 
ino-  matters  is  frequently  necessitated.  One  of  these  is  burnt  sugar, 
familiarly  Imown  in  the  grocery  trade  and  by  coffee-shop  keepers 
as  ' Black  Jack.'  It  is  sold  to"  the  coffee-shop  keepers  usuall}_in 
canisters  at  Is.  per  pound,  and  it  is  sometimes  denominated The 
Coffee  Refiner.'  It  is,  however,  rather  a  colouring  agent,  and  is  em- 
ployed to  impart  colour  and  bitterness  to  beverages  made  from  adul- 
terated coffee,  these  being  the  qualities  which,  in  the  eyes  of  superficial 
observers,  denote  strength  and  goodness.  . 

Suo-ar  is  sometimes  added  to  the  coffee-seed  while  undergoing  the 
process  of  roasting,  and  being  then  burnt,  is  converted  into  a  coffee 

^^"^^^ITulteration  tvifh  Venetian  rerZ.— Another  article  used  to  give  in- 
creased colom-  to  adulterated  ground  coffee  is  Venetian  red,  or  some 
other  analogous  fen-uginous  earth.  We  have  not  only  om-selves  ob- 
tained repeated  evidence  of  the  use  of  this  substance,  but  we  shaR 
presently  under  the  head  of  'ChicoiTand  its  Adidterations,  quote 
a  passage  from  the  writings  of  the  late  Dr.  Pereira  in  reference  to  its 

^"'^in'^rlatter  part  of  1850  the  author  read  a  communication  to  the 
Botanical  Society  of  London  on  the  adidteration  of  coffee,  that  being 
forne  months  before  the  publication  of  the  first  of  his  reports  m  tlie 
'Lancet'  on  Adulteration.  In  this  the  author  descnbed  for  the  first 
time  the  results  at  which  he  had  been  enabled  to  arnve  fi-om  the  exa- 
mination of  coffee  by  means  of  the  microscope,  this  being  one  of  the 
fet  instances  of  the  employment  of  that  instrmnent  for  the  detection 
of  adulteration.    These  results  were  as  follows :— 

First,  That,  of  the  thirty-four  coffees  ex&mmei,  thiHy-one  were 

^"^^Second,"  That  chicory  was  present  in  thirty-one  of  the  samples. 
Third,  Boasted  corn'in  ttvelve. 

Fourth,  Beans  and  potato  flour  each  m  one  sample.  ,  .  , .  _ 
Fifth,  That  in  sixteen  cases  the  adulteration  consisted  of  chicory 

°°^^Sixth,  That  in  the  remaining  samples  the  adulteration  con- 

sisted of  chicory  and  either  corn,  beans,  or  potatoes. 
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Seventh,  That  in  ninny  instances  the  quantity  of  coffee  present  was 
very  small,  while  in  others  it  formed  not  more  than  one  fifth,  a  fourth 
third,  half,  and  so  on  of  the  whole  article.  ' 

On  some  of  the  foregoing  adulterated  samples  the  following 
high-sounding  names  had  been  hestovfed  ■.—Delicious  Cofee,  con- 
taining beans  and  chiconj  ;  Finest  Turkey  Cojffee,  much  chicorv 
roasted  com  and  very  little  coffee ;  Finest  Java  Coffee,  much  roasted 
com  and  a  little  c/iicori/ ;  Parisian  Coffee,  principally  chicory  and 
roasted  corn;  Superb  Coffee,  principally  roasted  'and  chicory 
Dehcwus  Fmmly  Cofee,  three-quarters  chicory;  Delicious  Drinkma 
toffee,  a  large  quantity  of  chicory  and  much  roasted  corn. 

We  are  satisfied  that  the  gross  aggregate  of  the  adulterations 
detected  did  not  amount  to  less  than  one -third  of  the  entire  bulk  of 
the  quantity  purchased. 

On  refemng  to  the  Eevenue  returns  of  that  period  we  find  that 
the  sum  derived  from  the  duty  on  coffee  was  nearly  45,000/.,  an  amount 
which  we  have  no  hesitation  in  saying  might  have  been  greatly 
increased  by  vigilance  in  the  detection  of  the  adulterations  Sf  this 
important  article,  and  by  pimishment  of  the  fraud,  when  detected 

bmce  the  date  above  referred  to,  the  author  has  examined  some 
hundreds  of  samples  of  ground  coffee,  the  particulars  of  which  will  be 
iound  recorded  m  his  work  entitled  '  Food  and  its  Adulterations.' 
Until  withm  the  last  two  or  three  years,  we  have  always  found  a 
large  proportion  of  the  samples  to  be  adulterated :  more  recently 
however   the  condition  of  the  article  has  greatly  improved.  The 
grosser  adulterations,  so  far  as  the  metropolis  is  concerned,  are  now 
much  less  frequently  practised.    The  principal  adulteration  now  is  that 
with  chicory  which  is  still  mixed  with  coffee,  and  sold  without  the 
prescnbed  label  as  coffee.  This  improved  state  of  things  is  undoubtedly 
due  to  the  repeated  exposm-es  made  within  the  last  few  years.    But  is 
it  not  perfectly  certam,  if  these  exposures  were  to  cease,  that  matters 
would  soon  become  worse  than  before,  and  that  the  scandalous  and 
netanous  practices  which  once  prevailed  in  the  adulteration  of  the 
article  would  speedily  be  rife  again  ?  . 

a^A^^  adulterations  by  means  of  roasted  corn,  beans,  coffee  colom-er, 
and  Venetian  red  are  altogether  indefensible,  since  the  only  thing  in 
common  between  most  of  these  and  coffee  is  the  colour  which  they 
yield  on  infusion  or  decoction.  ^ 
Many  years  since  roasted  com,  principally  rye,  was  largely  sold 
and  employed  to  make  a  beverage  which,  by  1  fiction,  was  dignified 
r'ed  n'f°'"'  f-r^'^'  tl^e^liief  argument,  independent  of'prSe; 
urged  n  favour  of  it  was  its  supposed  nutritive  properties.    When  it 

j     'i'^''^"'  ''^'''^  ^^^^   p--*  ^^^uced  to  the 

condition  of  charcoal,  it  will  at  once  be  perceived  that  its  nutritive 
qual  ties  cannot  be  very  great,  and  that  a  single  mouthful  of  whS 
some  bread  contains  more  nourishment  than  half-a-dozen  cups  of  a 
beverage  made  from  roasted  corn.    Although  '  roasted  corn'  fs^now  no 


162 


COTTEE  AND  ITS  ADTJLTEEATIONS. 


longer  sold  openly,  yet,  as  we  have  seen,  the  ^ocev  lias  not  failed  to 
avail  himself  of  it  for  his  own  henefit,  and  to  the  great  disadvantage  of 

the  public.  i  ,  i. 

The  adidteration  of  coffee  by  substances  so  cheap,  and  for  the 
pflrpose  to  which  they  are  applied  so  worthless,  as  these  is  a  gross  fraud, 
requiring  emphatic  condemnation,  and  when  ascertained  to  be  prac- 
tised, meriting  exposure  and  punishment. 

Other  adulterations  of  cojfee.— According  to  Watts,  '  a  great  yanety 
of  seeds  were  ti-ied  in  France  during  the  continuance  of  the  continental 
blockade,  including,  amongst  others,  the  yellow  flag,  chick-pea,  the  milk 
vetch,  the  holly,  Spanish  broom,  chestnut,  lupin,  sunflozoer,  gooseberry, 
grape,  eglantine,  capsules  0/  box.'  '  The  poorer  sorts  of  coffee-beans  are 
sometimes  tinted  by  dusting  them  with  coloured  powders,  such  as 
Prussian  blue,  poivder  of  lime-tree  charcoal,  green  earth,  mixed  with  a 
little  graphite  to  give  them  the  silvery  appearance  of  the  finer  sorts. 
Watts  also  names  amongst  the  adulterants  of  coffee  beet-root,  rushnut, 
earthnut,  scratchweed,  fern,  and  butcher's  broom. 

We  have  never  met  with  any  one  of  the  adulterants  above  enu- 
merated, and  we  are  satished  that  their  use  in  this  countiy  is  but 
rarely  if  ever,  resorted  to.  We  do  not,  therefore,  propose  to  encumber 
this  treatise  with  any  description  of  the  methods  whereby  they  may  be 
discriminated. 


ON  THE  DETECTION  OF  THE  ABTJLTERATIONS  OF  COFFEE. 

The  means  to  be  resorted  to  for  the  detection  of  the  adulterations 
of  coffee  are  of  three  Idnds— namely,  the  physical  characters  and 
appearances  presented  by  adidterated  samples,  the  microscope,  and 
chemistry  By  the  fost,  we  ascertain  in  some  cases  the  general  fact 
whether  the  sample  is  adulterated  or  not ;  and  by  the  others,  especially 
by  the  microscope,  we  leam  the  natme  of  the  particular  adulterations 

practi^ed^^^^  means  consist  in  noticing  whether  the  sample  in  the  mass 
cakes  or  coheres,  whether  it  floats  in  water  or  not,  and  the  colour  ot 

the  ^^g-gg  (.j^,.gs     the  paper  in  which  it  is  folded  or  when 

pressed  between  the  fingers,  there  is  good  reason  for  believing  that  it 
is  adidterated,  most  probably  with  chicory. 

If  when  a  few  pinches  of  the  suspected  coffee  are  placed  upon  some 
water  in  a  wine-glass,  pari;  floats  and  part  sinks  it  may  be  presmned 
that  it  is  adidterated  either  with  chicory,  roasted  corn,  or  some  other 
analogous  substances.  The  coff-ee  does  notimbibethe  water,  butfloats 
on  the  surface,  while  the  other  substances  absorb  the  water,  and 
gradually  subside  to  the  bottom  to  a  greater  or  less  extent.  Usually, 
however,  part  of  the  coffee  subsides  with  the  chicory  and  a  Poi-tion  of 
the  latter  remains  on  the  surface  with  the  coff-ee  ;  at"i  after  the  lapse  of 
a  shori;  time,  in  general,  both  coffee  and  chicory  fall  to  the  bottom. 
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Again,  if  the  cold  water  to  which  a  portion  of  gi-ound  coffee  has 
been  added  qmcldy  becomes  deeply  coloiu-ed,  it  is  an  e%'idence  of  the 
presence  of  some  roasted  vegetable  substance  or  biu-nt  sugar ;  for  when 
coffee  only  18  added  to  water,  it  becomes  scarcely  colom-ed  for  some 
time  Agam,  not  only  does  the  solution  become  dark  coloured,  but  if 
a  boiling  aqueous  solution  be  made,  it  wiU  be  thick  and  mucilaginous 
It  It  be  adulterated  with  any  substance  containing  much  o-u^  and 
starch,  but  the  mfiision  of  coffee  will  be  found  thin  and  Umpid 

According  to  Watts,  chicory  has  more  than  three  times  the  coioiu-in<^ 
power  of  highly-roasted  coffee,  maize  double  that  of  coffee,  while  peas 
a^d  beans  have  only  half  the  colom-ing  power.  In  infusions  prepared 
mth^cold  water,  chicory  exhibits  four  times  the  colouring  power  of 

Lastly,  if  in  a  few  grains  of  coffee,  spread  out  on  a  piece  of  sl&ss 

by  means  of  a  needle,  minute  pieces  of  a  substance  of  a  soft  consistence 
the  coffee  is  doubtless  adulterated  ;  for  the  particles  of  the  coffee-seed 
^iSlrfn^S^^'^^^  P-^onSd 


•  to  cdd  w;ti??  '  I  «^™Pl^^^kes  into  a  mass,  quickly  fm-nishes. 
'^1.    T  -1,  «^  is  found  to  contain,  when 

-moistened  with  water,  soft  particles  like  those  of  bread-crumb  Sre 
c  can  be  no  question  as  to  the  existence  of  adulteration  ' 

of  the  aw'*'''  °^ 

By  these  general  means,  and  without  having  recourse  to  science 
t  the  observer  is  often  enabled  to  state  whether  any  samTof  coffee  S 

adulterated  or  not;  but  in  order  to  determine  the  chamcter  of  the 
.ctetfsTi^'inJe"''  T  T\-Ploy  either  the  microscope^ 
itionTs  furmsheS  bv^^^^^^  ^^P^^'^^^t  infSrma- 

.  ce^in  '-X.  |e?den=ro!  ttl'^^^^The^^^ble 
■  wn^  Id  r%?°'?°^''^  adulteration  of  coffee,  and  did  it  do  so  J 

XmicSe'^  -quired,  since  these  maybe  so\.eadily  detec^y 

^  3peckrchentS'"''  Campbell  have  institxrted  some 

>Multeratp?1?°i?      discriminating  whether  a  coffee  be  genuine  or 

iinedTom Ve  root^?^^^^^  of  coffee  being  much  less  than' that 
u  irom  the  roots  and  cereals  employed  in  the  adulteration  of 
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coffee.  But  the  infusions  obtained  from  the  leguminous  seeds  have  a 
specific  gravity  very  closely  approaching  that  of  coffee  itself.  If  one 
part  of  the  substance  be  boiled  with  ten  parts  of  water,  and  the  specific 
gravity  of  the  filtered  solution  be  taken,  the  foUowing  figures  represent 
the  different  specific  gravities  :— 


Acorns  . 
Peas 
Beans  . 

Coffee  (average) 
Parsnips 
Carrots 
Maize  . 
Rye  . 
Beet-root 
Chicory  (average 
Mangold-wurzel 
Bread  raspings 


1007-3 

1007-  3 

1008-  4 
1008-7 
1014-3 
1017-1 
1021-5 

1021-  6 

1022-  1 
1024-8 

1023-  5 
1026-3 


A  further  means  of  distinguishing  between  pure  coffee  and  that 
adulterated  with  chicory  and  many  other  roots  is  by  the  quantity  of 
snaar  contained  in  them  both  before  and  after  torrefaction.  The  amount 
of  suoar  is,  of  coui-se,  much  greater  in  these  roots,  and  is  deterniined 
in  the  infusions  by  fei-meutation  with  yeast  and  the  estimation  ot  the 
alcohol  in  the  distillate.  „  ^  ,     ^^  ^  e 

The  sugar  in  raw  coffee  varies  from  7-52  to  8-2  per  cent. ;  that  of 
roasted  coffee  from  0-0  to  1-14  per  cent.  The  foUowing  percentages  of 
sugar  in  chicory  and  other  sweet  roots  have  been  lound  :— 

Foreign  chicory 
Guernsey  „ 
English  „ 
Yorkshire  „ 
Mangold-wurzel 
Can-ots  (ordinary) 
Turnips  . 
Beetroot  (red)  . 
Parsnips  . 

The  above  figures  are  sufficient  to  show  that  the  sweet  roots  may 
as  a  class  be  thus  readily  distinguished  fi-om  coffee,  but  for  the^detei^ 
minatioB  of  the  particular  kind  of  root  present  recourse  must  be  had 

*°  ^^n  SeTeSinous  seeds,  cereals,  and  some  other  seeds,  the  propor- 
tion of  sugarT^uch  less, 'and  hence  this  method  of  discrimmation 

'"^VhVm^rSnctive  peculiarity  of  the  composition  of  the  ash  of 
coffee  is  The  smaU  quantity  of  silica  contained  in  if.  'the  presence 
tat  Messrs.  Graha'm  and Wouse  'of  1  per  cent,  or  upwa  ^  o 
^,1  t>iA  fmb  of  coffee  is  a  proof  of  adulteration    that  tne  aam 
totting  sltancefwS  increa'se  the  proportion  of  silica  most  con- 


Raw. 

Boasted. 

23-76 

11-98 

30-49 

16-96 

35-23 

17-98 

32-06 

9-86 

23-68 

9-96 

31-98 

11-53 

30-48 

9-65 

24-06 

17-24 

21-70 

6-98 

COFFEE  AND  ITS  ADULTERATIONS. 


165 


siderably  are  oats  and  barley,  then  chicory  and  dandelion,  which  are 
followed  by  rye  and  wheat;  but  tiu-nips  and  cai-rots  woidd  produce  a 
small  and  less  decisive  effect.'  ^ 

We  presume  that  Messrs.  Graham  and  Stenhouse,  in  the  precedino' 
paragraph,  refer  only  to  the  silica  entering  into  the  composition  of  the 
se^■eral  vegetable  substances  named,  and  not  to  that  accidentaUy  pre- 

Fig.  37. 


^^J^t^.  '^"^  ^oot.  Often  amounts  to 

I  bv  thLuanSv'nf  'J^^  f  its  specific  gi^avitv 

composition 

'!voodyfibre  or  8awdnT>r    I'  and  acorns ;  besides  these  are 

y  nore  or  sawdust,  burnt  sugar,  and  Venetian  red  or  reddle. 


166  COFFEE  AND  IXS  ADULTERATIONS. 

We  will  now  proceed  to  give  the  methods  employed  for  the  detec- 
tion of  the  pi-incipal  of  the  above  adulterations.  . 

On  the  detection  of  chicory.— ^ome  years  smce,  an  outci7  having 
arisen  in  consequence  of  the  substitution  to  an  enormous  extent  ot 
chicory  for  coffee,  and  the  Government  being  called  upon  to  interiei'e, 
the  question  as  to  whether  the  presence  of  chicory  m  ground  cofiee 


*  tT,P  rpUs  of  wWch  the  root  of  Makgold-wdezel  is  chiefly 

t^l^ll^^^^t^^^^^y  are  several  ti^es  larger  than  tho.e  of 
chicory  root. 

J-  „vio  r^^•  nirvt  bv  mcans  of  science  was  referred  by  the 
was  discoverable  oi  Bot       ^eans  ^  commission  of  chemists. 

''''^T^^^.^iifi^S^^-^  '-itherby  cWstiy  noijy  a.y 
other  means  was  the  Admixture  of  chicory  with  ^^.^^^^^Jf  g  ^ 
This  report  ^XSW^^^^^^^ 

SreThatVm:  tSe  iSoThad  shown,  in  the  most  conclusive  manner, 
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that  nothing  is  more  easy  and  certain  than  the  detection  of  chicory  in 
coiiee  by  means  of  the  microscope. 

The  stnictiu-e  of  collee  has  ah-eady  been  fidly  described:  that  of 
chicory  will  shortly  be  considered;  it  may  be  stated  now,  however 
that  It  ditlers  in  every  respect  from  coffee,  in  the  rounded  form  and 
easy  separability  of  its  component  cells,  and  in  the  presence  of  dotted 
ducts,  and  vasn  lacticentia. 

The  differences  will  be  sufficiently  obvious  on  an  examination  of 
the  accompanjang  hgm-es. 

Detection  of  numgold-wurzel.—Thia  root  differs  from  chicory  in 

Fig.  39. 


'''fr7L?nlfn7«^r.n^'"'l'^'^  T  ^"^'^  ad«terflted  with  MANGOLD-wiiZEL.     a  a, 
tragments  of  the  coflee  beny ;  b  b,  cells  of  chicory ;  c  c,  ditto  of  mangold-wurzel. 

the  very  much  larger  size  of  the  ceUs,  and  in  the  absence  of  milk  vessels 
or  vasa  lacticentia  (figs.  .38  and  39). 

Detection  of  cm-rot  mid  parsm2}.~The  tuber  of  carrots  differs  from 
Chicory  chiefly  m  the  absence  of  milk  vessels  ;  that  of  parsnip  in  the 
aDsence  of  the  same  vessels,  and  in  the  presence  in  the  cells  of  reo-ularlv 
formed  starch  corpuscles  of  smaU  size.  ^e^uiauy 

x^rJVJ'' ^c.-Itis  generally  stated  that  the 
presence  of  roasted  corn  or  any  other  substance  containino- a  We 
proportion  of  starch,  may  be  detected  by  the  blue  colour  produced  S 
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the  addition  of  a  solution  of  iodine  to  the  cold  decoction.  We  have 
not  found  this  to  be  correct  in  all  cases,  for  on  adding  iodine  to  decoc- 
tions of  five  different  coffees  ascertained  to  he  adulterated  with  roasted 
corn,  the  liquids  did  not  become  blue,  but  abnost  black,  with  a  tin^re 
of  brown  or  olive.  This  appears  to  arise  from  the  obscuration  of  the 
blue  colom-  developed  by  the  iodine,  by  the  rich  brown  colouring 
matter  of  the  chicory— a  proportion  of  which  almost  always  accom- 
panies the  adulteration  with  corn.  This  test,  however,  is  still  very 
useful  in  some  cases,  although  it  does  not  often  give  rise  to  a  colour 


Fig.  40. 


Qaniple  of  Coffee  acbiUerafed  ttith  both  Chicohy  and  roasted  Whe.^t. 
a  a,  coffee  :  b  b,  chicory  ;  c  c,  wheat  flour. 

which  can  be  called  blue.  It  should  be  know,  also,  that  solution  of 
iodine,  added  to  a  cold  decoction  of  chicory  root,  deepens  the  colour  very 
greatly :  the  increase  of  colom-  is  never,  however,  so  considerable  as 

"'TttSbeCS  observed  that  no  exact  idea  can  be  formed  in 
this  way  of  the  quantity  of  starch  contained  m  the  adulterated  coffee, 
because  part,  being  charred,  gives  no  reaction  with  lodme 

Supposing,  however,  that  the  presence  of  starch  in  coffee  could  be 
invariibly  detected  by  the  iodine  test,  yet  neither  that  test,  nor  indeed 
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all  the  resoiu'ces  of  chemistry,  can  furnish  us  with  precise  information 
as  _  to  the  kind  of  starch  employed.  For  this  we  must  seek  the  aid 
aflbrded  by  the  microscope. 

The  microscopical  structiu-e  of  wheat  and  certain  other  flom-s  will 
be  found  described  under  the  heads  Flour  and  Bread.  They  are  dis- 
tinguished chiefly  by  the  characters  of  the  starch  corpuscles.  It  may 
be  stated,  generally,  that  those  of  wheat  consist  of  rounded  and  flat- 
tened discs  of  various  sizes.  The  appearances  which  they  present  are 
very  distinct  from  the  cells  of  either  coflee  or  chicory,  as  will  be  seen 
by  the  annexed  engraving  (Jig.  40). 


Coffef  adulleratetl  with  both  Chicory  and  roasted  Beans 
a  a,  coffee  ;  b  b,  chicory ;  c  c,  roasted  bean  floui-. 

On  the  detection  0/ 6efl«^ajw.— The  substance  of  the  seed  of  the 
bean  is  made  up  of  cells,  each  of  which  contains  several  starch  cor- 
puscles The  characters  of  tliese  granules  are  very  distinctive  :  thev 
are  for  the  most  part  either  oval  or  reniform,  with  a  central  cavity  of 
an  elongated  form,  and  from  the  margin  of  which  short  ravs  or  nro- 
cesses  may  be  seen  radiating.    So  long  is  this  cavitv,  in  some  of  the 

SiomlW  Tf^'Z  ''''i        f  7  '''PP'"^'  completelv  bisected  ; 

occasionally  a  few  strongly  marked  concentric  rings  are  visible  Some 
of  these  characters  are  exhibited  in  fig.  41. 
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On  the  detection  of  roasted  and  (/round  acorn. — The  presence  of 
this  substance  is  distinguished  by  the  form  and  size  of  the  starch 
corpuscles,  which  constitute  so  large  a  part  of  the  acorn  (fig.  42). 

On  the  detection  of  saivdust.— The  detection  of  sawdust,  especially 
mahogany  sawdust,  'is  extremely  easy ;  the  presence  of  woody  fibre  of 
some  kind  or  other  is  sure  to  be  discovered  when  the  suspected  samples 
come— as  they  always  ought— to  be  examined  with  the  microscope. 
The  presence  of  sawdust  having  been  thus  ascertained,  a  few  grains  of 


Pig.  42. 


Sample  of  Coffee  adulterated  with  ground  Acobn.   a  a,  coffee  ;  h  b,  cliicory ; 

c  c,  acorn. 

the  coffee  should  be  spread  out  on  a  slip  of  glass,  and  moistened  with 
water,  when  the  fragments  of  woody  fibre  may  generally  be  picked 
out  by  means  of  a  needle  ;  they  should  then  be  subjected  to  a  more 
careful  microscopical  scrutiny.  i  „„;i 

The  woody  fibre  of  plants,  like  the  cellidose,  starch  corpuscles,  and 
vessels,  frequently  possesses  distinctive  characters  visib  e  uBder  the 
microscope,  by  which  the  plant  or  tree  furnishing  it  maybe  identified. 

In  the  case  of  mahogany  sawdust  the  identification  is  easy  enough , 
the  compactness  of  the  little  masses  of  fibre,  the  strong  cross  markings, 
and  the  coloiu-  are  sufficiently  characteristic. 
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It  should  he  remembered  that  chicory,  especially  the  older  roots, 
contains  a  small  proportion  of  woody  fibre,  so  that  care  must  be  exer- 
cised not  to  confound  this  fibre  with  extraneous  woody  fibre  or  sawdust 
introduced  for  the  piu-pose  of  adulteration.  If  the  quantity  of  fibre 
present  be  very  small,  and  it  agree  with  that  of  chicory  in  its  struc- 
tui-e  as  seen  under  the  microscope,  there  can  be  little  doubt  but  that 
the  fibre  belongs  to  the  root  of  chicory. 

On  the  detectim  of  caramel  or  burnt  sugar. — When  the  water  added 
to  any  sample  of  ground  coflee  becomes  deeply  and  quickly  coloiu'ed, 
and  when  on  examination  with  the  microscope  it  is  ascertained  that 
no  foreign  vegetable  is  present,  there  will  be  good  reason  for  supposing 
that  it  contains  bm'nt  sugar. 

Again,  when  shining  black  particles  are  perceptible  in  the  colfee, 
and  these  slowly  dissoh-e  in  water,  giving  rise  to  a  dark-coloui-ed 
solution,  it  undoubtedly  contains  the  substance  in  question.  Some- 
times, when  the  particles  are  too  small  to  be  discerned  by  the  naked 
eye,  they  may  be  seen  imder  the  microscope,  and  theii-  solution  in 
water  watched. 

Again,  the  presence  of  bm-nt  sugar  may  be  detected  by  adopting 
the  following  process :— From  a  weighed  quantity  of  dried  coflee  an 
infusion  in  cold  water  is  to  be  prepared ;  this  must  be  evaporated  in  a 
water-bath,  dried,  and  tasted.  If  the  exti-act  be  dark-coloured,  brittle, 
and  possess  the  bitter  taste  of  bm-nt  sugar,  no  doubt  remains  as  to  the 
presence  of  that  substance. 

We  are  unacquainted  with  any  process  by  which  the  quantity  of 
burnt  sugar  present  can  be  accm-ately  determined,  seeing  that  the 
extract  furnished  by  pm-e  coffee  varies  very  gi-eatly,  and  that  of  adul- 
terated coflee  to  a  stiU  more  considerable  extent ;  while  also  the  com- 
position of  the  burnt  sugar  is  so  much  changed,  that  its  exact  amount 
cannot  be  determined  in  the  same  manner  as  gi-ape  sugar,  but  this 
method  gives,  at  least  approximately,  the  quantity  of  bm-nt  sugar 
present. 

On  the  detection  of  Venetian  ?-efZ.— Sometimes  when  the  Venetian 
red  has  been  carelessly  incorporated  with  the  coffee,  particles  of  it  may 
be  detected  with  the  naked  eye  ;  but  it  is  not  often  that  it  can  be  dis- 
covered m  this  way.  The  process  to  be  adopted  in  ordinary  cases  is 
as  follows :— A  portion  of  the  suspected  coffee  is  to  be  incinerated, 
and  the  colour  of  the  ash  noted  ;  if  this  be  deeply  coloured  and  of  a 
rusty  red  or  yellowish  hue,  then  Venetian  red,  reddle,  or  some  analo- 
gous earthy  substance  has  been  mixed  with  the  coflee. 

li  it  be  desired  to  ascertain  the  exact  amoimt  of  iron  present  a 
weighed  quantity  of  the  article  should  be  incinerated,  the  ash  boiled 
with  strong  hydrochloric  acid,  and  in  the  solution  the  iron  estimated 
by  one  or  the  other  of  the  methods  given  under  '  Tea.' 

On  the  estimation  of  S27zc«.— Silica  may  occur  in  one  or  both  of  two 
lorms— namely,  as  chemicaUy  bound  siHca,  entering  into  the  composi- 
tion ot  the  vegetable  substance  or  substances  forming  the  article  and 
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secondly,  as  extraneous  silica  or  sand.  They  may  be  thus  discriminated 
and  estimated  separately  ;  a  weighed  quantity  of  the  article,  say  three 
grammes,  are  incinerated  in  a  platinum  capsule,  the  ash  is  hoiled  with 
concentrated  hydrochloric  acid,  and  evaporated  to  dryness  on  the 
water-bath.  The  dried  residue  is  moistened  with  hydrochloric  acid 
and  ti-eated  with  boiling  water  ;  the  silica  only  in  its  two  forms  will 
remain  undissolved.  It  is  separated  by  filtration,  incinerated,  and 
weighed.  Thus  the  total  amount  of  silica  is  ascertained.  It  is  then 
boiled  for  some  time  with  a  strong  solution  of  carbonate  of  soda,  which 
only  dissolves  the  chemically  bound  silica,  or  that  part  which  had 
entered  into  the  composition  of  the  ash.  The  sand  remains  imdis- 
solved,  is  collected  on  a  filter,  washed  with  boiling  water,  incinerated, 
and  weighed.  The  loss  of  weight  gives  the  proportion  of  chemically 
combined  silica. 
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CHAPTER  VI. 
CHICORY  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTEBATION. 

Any  added  foreign  vegetable  or  mineral  substance. 

CincoRT,  8UCC017  or  wUd  endive,  Cychorium  Intybus,  belou<rs  to 
the  same  natural  family  of  plants  as  the  dandelion,  namely,  Comm- 
sitcB.  It  IS  indigenous,  and  may  he  seen  growing-  in  various  narts  of 
the  country  hy  the  road  or  hedge-side;  it  may  be  recognSedTv  the 
compound  character  of  its  flowers,  and  theii-  bright  and  beautiful  blue 
colom-  It  blossoms  in  the  months  of  Auo-ust  and  September  In  iS 
natm-al  state  the  stem  rises  from  one  to  thi-ee  feet  hio-h  but  wliPn 
cultivated  It  shoots  to  the  height  of  five  or  six  feet.  The  rootT-uns 
deep  into  the  ground,  and  is  white  and  fleshy,  and  yields  a  milH 
juice    It  IS  cultivated  to  some  extent  in  this  SuntryTs  an  heS 

tJi^ShrYo^i!  '''''''  ^^^^B-  ^'^-^-^'y  --ed  u';on 
In  Germany  and  in  some  parts  of  the  Netherlands  and  in 
France,  it  is  extensively  ciUtivated  for  the  sake  of  its  root  whiVh 
IS  used  as  a  substitute  for  coffee.  The  root  is  taken  up  iLt  beC  Se 
plant  blossoms,  and  when  roasted,  lard  or  sometimes  buttei  is  added 
m  the  proportion  of  2  lbs  of  lard  to  1  cwt.  of  the  M^lid  Joot 
men  ground  and  exposed  to  the  air,  chicory  absorbs  watS  leadilv 
and  becomes  mois  and  c  ammy.  When  prepared  on  a  We  sSe' 
the  roots  are  partially  di-ied  and  sold  to  the  manufacturei-s  of  the 
tiiem  between  fluted  rollers  into  a  powder.  ° 

The  powder  of  the  roasted  roots  bears  striking  resemblance  tr. 
ground  coff-ee,  and  is  still  extensively  used  in  Prussia,"  aSt  l- S 

■  if.  ^^"^^t^'standing  that  chicory  'has  nothing  to  recommend  it  excerpt 
.  Its  cheapness,' and  that  it  is  used  exclusively  to  adulterate  onff^f?. 

has  of  late  years  been  raised  in  m-eat  quantity  in  thS  counti^  t  1,'*^ 
i  counties  of  Surrey,  Bedford,  and  York.  countiy,  m  the 

Foreign  chicory  is  considered  to  be  greatly  superior  tn  t 
I  English  growth,  and  is  consequently  much  dearer. 
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COMPOSITION  OF  cmCOET. 


Chicory  root  lias  "been  subjected  to  examination  and  analysis  hy 
Dr.  Lethety  at  the  author's  request,  and  the  following  is  his  report  on 
the  results  ohtained,  namely,— 

'  1st.  In  its  recent,  or  raw  state. 

'  2nd.  In  the  kiln-dried  condition.  _    ^        ,  p  .1, 

'  3rd.  In  the  roasted  and  powdered  form,  as  it  is  used  tor  the 
adulteration  of  coffee.  _  _  .  . 

'  The  raiu  root  fm-nishes  a  milky  juice,  which  owes  its  opacity  to 
the  presence  of  an  inert  vegetable  substance  named  JnwZine.  Ihe 
luice  is  xevj  hitter,  and,  when  filtered  and  heated,  it  shows,  hy  its 
turbidity,  that  it  contains  a  small  quantity  of  albumen 

'When  macerated  in  cold  water,  it  yields  about  13  per  cent.ot 
solid  matter  or  extractive,  which  gives  to  the  solution  a  very  hitter 
taste.  By  Fehling's  test,  it  was  found  that  the  raw  root  contamed 
ri  per  cent,  of  grape-sugar  or  glucose. 

'  The  kUn-dried  root  possesses  all  the  characters  of  the  preceding, 
but  in  a  higher  degree,  for  water  extracts  about  50  per  cent  of  solid 
matter;  and  the  solution  fui-nished  to  Fehhng's  test  as  much  as  10-5 

^'^'Neither'of  Aese  specimens  exhibited  the  least  trace  of  starch 
but  by  boiling  in  water,  filtering,  and  cooling  they  yielded  a  small 
quantity  of  a  white  powder,  which  has  all  the  characters  of  Inulme 
™The  absence  of  starch  in  the  state  in  which  the  root  is  ordmanlv 
used  is  also  conclusively  shown  by  means  of  the  microscope ;  and 
we  U  that  the  tissue  contains  abundance  of  celUdose,  which,  by  he 
TctioS  of  strong  sulphm-ic  acid,  gives  a  product  that  renders  lodme 

The  roasted  chicory  root  yields  from  45  to  65  per  cent  of  soluble 
extractive.  Its  solution  in  water  is  acid,  and  it  does  not  possess  the 
SculS  b  tter  taste  of  the  raw  roof,  but  the  taste  of  the  liquid  is 
Ee  nke  that  of  bui-nt  sugar.    The  copper  test  shows  the  presence  of 

'™^Tr?ollXTnai;L^^^^^^^^  percentage  composition  of 

the  root  in  its  diSerent  conditions  :— 

Raw  Boot.  Kiln-dried. 
77-0  lii-0 


7-0 


20-8 
1-1  10-5 
4-0  19-3 
0-6  1-9 


Hygroscopic  moisture  . 
Gummy  matter  (like  pectme) 
Glucose,  or  grape  sugar 
Bitter  extractive  . 
Fatty  matter       •      •      ■  • 
Cellulose,  inuliiie,&  woody  matter       9  0         29  0 

Ash     

100-0  100-0 

'  The  composition  of  the  roasted  root  was  as  follows:— 
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1st  Specimen.  2nd  Specimen. 


14-5 

12-8 

9-5 

14-9 

12-2 

10-4 

29-1 

24-4 

2-0 

2-2 

28-4 

28-5 

4-3 

6-8 

100-0 

100-0 

11-98 
15-96 
17-98 
9-86 


Hygroscopic  moisture  . 
Gummy  matter  . 
Glucose 

Matter  like  burnt  sugar 
Fatty  matter 
Brown  or  burnt  woody  matter 
Ash  .... 


K^raaaui,  otennouse,  ana  UampbeU  ^  found  in  foi 
ol  chicory  the  following  percentages  of  grape-sugar  :— 

_     .  Eaw.  Roasted, 

foreign  chicory  .  .  23-76 
Guernsey    „...."  80-49 

^Dgl'sh      ,  35.23 

Yorkshire   „      .      .      .      .  sg-oe 
it  IS  evident  from  these  analyses,  that  the  quantity  of  suc^ar  found 
by  Dr  Lethehy  in  the  raw  root  was  much  less  thin  that  usuaUy  preset 
The  quantitiesof  sugar  m  mangold-wurzel,  carrots,  tm-nips,  narsniS 
leet  and  dandelion  roots  were  fomid  to  he  nearly  as  gi-eat  as^  n^ch  cofv 
and  hence  the  sugar  present  in  it  does  not  afford  ^means  by  whfch  ij  may 
be  distinguished  from  other  sweet  roots  when  mixed  with  lo£(AZ) 
By  an  examination  of  the  analyses  above  given,  it  will  beseen  tbnt 
■  the  root  does  not  contain  anything'  which  can^  possibly  be  reSed  a 
a  substitiite  for  coffee.  _  It  win  be  also  manifest  that  in  the  process  of 
roastmgthebitterprniciple  of  the  recent  root  is  partly  destroyed  anTthat 
1  by  the  orrefaction  of  the  saccharine  and  other  constituents  rquantitv  S 
.  caramel  is  produced  which  has  no  virtue  beyond  that  of  bS  suXf 

mZ7aM  ThTTf  '^^'^'^S-^nul^ne,  cellulose,  ^nd  r^vions 
mtnerai  salts    The  ml,  sometunes  amounting  to  nearly  6  ver  cent 


Chloride  of  potassium  . 
Sulphate  of  potash 
Phosphate  of  potash  . 

),       of  magnesia 

»       of  lime 
Carbonate  of  lime 
Alumina  and  oxide  of  iron 
Sand  . 


1st  Specimen.  2ud  Specimen. 


0-22 

0-45 

0-97 

0-98 

1-41 

1-37 

0-30 

0-53 

0-40 

0-81 

0-10 

0-26 

0-20 

0-20 

0-70 

2-20 

4-30 

6-80 

=offe?DS85^2!^"'^  "°  of  detecting  vegetable  substances 


mixed  with 
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Mr  Allen  pives  the  average  asli  of  chicory  at  about  5  per  cent  of 
whifh  twoIftL  only  are  soluble  in  water,  whereas  thi-ee-fourths  ot 

fom  samples^fchfcory,  according  to  Messrs.  Graham  and  Sten- 
house : — 


Darkest 
English 
Yorkshire. 

English. 

Foreign. 

Guernsey. 

Potash  .       •      •       •  ■ 
Soda      .      •      •      ■  ■ 
Lime     •      •      •       '  ' 
Magnesia       •      •      •  • 
Sesquioxide  of  iron 
Sulphuric  acid 

Chlorine        •       •       •  • 
Carbonic  acid. 
Phosphoric  acid  . 

Silica  

Sand     .      •      •      •  • 

33-48  ■ 

8-  12 

o  oo 

.'i-27 

3-  81 
10-29 

4-  93 
1-78 

10-66 
3-81 

9-  32 

24-88 
15-10 
9-60 

7-  22 

8-  13 

10-  .53 
4-68 
2-88 

11-  27 
2-61 
8-08 

29-56 

2-  04 
5-00 

3-  42 
5-32 
5-38 
3-23 
2-80 
7-06 

12-75 
23-10 

32-07 
3-81 
6-31 
3-85 

3-  52 
6-01 

4-  56 
3-19 
6-65 

10-52 
20-19 

1  100-85. 

1  99-98 

100-66 

99-68 

Messrs.  Graha.  and  ^^^^J^^:^^^^:^, 
in  acids  to  be,  i°  fo^Jf^^^^  .Pnt  of  ihe  ash  ;  the  quantities  of  this 
13-13,  30-71,  .-d.  ^J-«fX,en^^^^  cUined  chicory, 

silica  soluble  m  alkali,  representing  23-10  parts.  The  sihca 

S^HfrrSM'  coif  .ViVed        tL  »a=d  ..d  d.. 

Xrin,  »  the  ^^^'^Z:^,,,,  „f      .sh  of  chicory, 

It  thus  appears  that  ,^  -resenje  of  notable  quan- 

SSrr  aTfc^jTr^.  :^d"fer;a.„Lt  of  se^aio^de  of  .0. 
and  silica. 

BXBXTCTTJKE  OE  CHICOKY  ROOT- 

woody  fibre.  ,.;„,1  pi- nr  merchant,  in  the  secresy  of  his 

yKen  the  a^^^^terata^i|™Heo?^  i^o    parsiips,  corn,  beans,  &c., 
own  warehouse,  first  reduced  clnco^^^^^  V^^^ 

rnt:ir&^t?  S^iVe^istinctive  structur-al  characters 
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of  each  of  these  substances  stiU  remained  undestroyed,  to  enable 
the  man  of  science  to  drao;  to  light  his  guilty  deeds,  and  to  detect 
their  presence  m  every  parcel  of  adulterated  coffee  sent  out  from  his 
premises. 

In  the  roasted  and  charred  chicory  root  the  same  structures  maybe 
detected  as  are  distinguishable  in  the  raw  or  uuroasted  root. 

Ihe  chief  part  of  the  root  is  made  up  of  little  utricles  ov- cells. 
ihese  are  geueraUy  of  a  roimded  form,  but  sometimes  they  are 

Fig.  43. 


Fragment  of  Roasted  Chicort  Root,  taken  from  a  sample  of  adultp™t»fl  „„fp 
showing  the  cells  of  which  it  is  principally  constituted  Draw^  w^tf?h»  n  °^ 
Luoida,  and  magnified  UO  diameters.  uiawn  with  the  Camera 

nnarrow  and  elongated.     The  former  occur  whovo 
Jrelst%%^°"  latter^^L^5botho^oTt;: 

cylindrical  unbranched  tubes,  taperinJ  trrnoTnratTTtSl  .  .  T 
■and  elegantly  marked  on  the  sSrfacf  ^th  short  fibrpf^  extremity, 
^interrupted  spiral  course  (fig.  44)  describing  an 

In  studying  the  structm^e  of  ciaicoiy  root,  we  have  clearlv  m.^  ^ 
^he  ongm  of  the  dotted  vessels  in^naSow  elWteTceli?,tp"?n7to 
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a  sharp  point  at  either  end,  at  first  smooth,  hut  suhsequently  exhihiting 
■^th  smooth  memhranous  panetes  (tig.  45), 

Fig.  44. 


Ka^ent  of  EOA^B  C«conT  Root  t,t^ 
140  dialneterg. 

These  .esseis  afford 
^^^he  W^fiW  "hlcol  rt  dies  not  present  any  markings  or 
othJr  pecSties  of  struct.tre  of  a  distinctne  character. 

PROPBBTrES  OF  CHICOET. 

consequence  of  wtact  it  allied  pl.nt,  tie  <lm- 

,.,^%?z::^:szST^^r.::..A  of  a  p.,ei«,.ue 

ioUowing  ohservations :—  stomachic  and  tonic.    In  large 

Sr»»fnr  ;L'dS:ope»tl.n  U  ,e.  oWon. 
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and  constant.  In  vanous  chronic  diseases,  its  continued  use  is 
attended  with  alterative  and  resolvent  effects;  but  where  the  din-estive 
organs  are  weal.-,  and  readily  disordered,  taraxacum  is  very  apt'to  oc- 
casion dyspepsia,  flatulency,  pain,  and  diarrhoea.' 


Fig.  45. 


All 


also  show  their  relation  to  the  n  vliLr^^^^^^^  \  "  ""'^".^  ^"""^  °^  ^^''^  Pl^>it.  ^^'i 
of  the  root  is  prinS}  made  up  ^'^^  ^bioh  the  substance 

•Bton'^r.Jr-^*'  °^  ^PP^y  *°       ^■«'=ent  root.  Professor  John- 


'  '  Chemistry  of  Common  Life.' 
N  2 
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not  so  fragTRut,  this  oil  probably  exercises  upon  the  system  some  of 
the  gently  excitinc-,  nerve-soothing,  and  hunger-staying  influence  of 
tlie  similar  ingredients  contained  in  tea  and  cofl'ee ;  and,  second,  the 
bitter  principle.  When  taken  unmixed,  this  substance  is  to  many, 
■while  they  are  unaccustomed  to  it,  not  only  disagreeable,  but  nauseous 
in  a  hi "h  degree.  It  may,  however,  like  many  other  bitter  principles, 
po5.^es3°  as  fhave  said,  a"  tonic  or  strengthening  property.  Taken  in 
moderate  quantities  these  ingTedients  of  chicory  are  probably  not  m- 
iurious  to  health,  but  bv  prolonged  and  frequent  use  they  produce 
heartburn,  cramp  in  the  stomach,  loss  of  appetite,  acidity  m  the 
mouth,  constipation  with  intermittent  diarrhoea,  weakness  of  the 
limbs,  tremblings,  sleeplessness,  a  drunken  cloudiness  of  the  senses, 
&c.  &c.  At  the  best,  therefore,  chicorj^  is  a  substitute  for  coflee, 
to  "which  only  those  to  whom  the  price  is  an  object  ought  to  have 

recourse.'  ,        ,  .,    ,  .       .      ^       4.  j  ■ 

For  oiu-selves,  we  would  remark  that,  while  chicory  is  substituted 
to  an  enormous  extent  for  coffee,  it  vet  possesses  none  of  the  cha- 
racteristics of  a  true  substitute.  We  believe  that  the  quantity  of 
' empyreumatic  essential  oil'  present  is  infinitesimal,  and  that  the 
'  bitter  principle  '  consists  chiefly  of  burnt  sugar. 

Although  we  are  not  disposed  to  attach,  therefore,  much  weight  to 
these  so-called  active  ingredients  in  roasted  chicory,  it  is  yet  certain  that 
it  does  contain  constituents  possessing  active  and  medicinal  properties 
not  of  a  desirable  character  in  an  article  of  food. 

Thus,  it  is  veiy  certain  that  the  infusion  of  roasted  chicory  is 

iTproof  of  this  we  will  cite  the  results  of  some  observations  01 

Se  persons  partook  of  chicory  at  brealrfast.  The  infusion  was 
dark-coloiu'ed,  thick,  destitute  of  the  agreeable  and  refreshing  aroma 
so  characteristic  of  coffee,  and  was  of  a  bitter  taste.  ^    ■  r 

Each  individual  experienced,  for  some  time  after  driuknng  the  mlu- 
sion  a  sensation  of  heaviness,  a  feeling  of  weight  at  the  stomach,  and 
great  indisposition  to  exertion  ;  in  two,  headache  set  in  ;  and  in  the 
thii'd,  the  bowels  were  relaxed.  .  , 

111  second  and  thii-d  trials  of  the  chicory,  the  same  feelmgs,  weight 
at  the  stomach,  and  want  of  energy,  were  experienced,  but  no  headache 

°''  "^Severafother  trials  were  subsequently  made,  with  nearly  simUar 

^^^^But  chicory  it  will  be  said,  is  seldom  talcen  alone  in  this  country, 
and  when  mixed  with  cofiee  these  effects  are  not  produced. 

Two  persons  partook,  for  a  considerable  period,  twice  a  day,  ot  an 
article  denominated  coffee,  costing  one  shilling  and  sixpence  a  pound 
and  lar-ely  adidterated  with  chicory:  dmnug  nearly  the  whole  of  this 
time  they  'both  suffered  more  or  less  from  diarrhrea. 

Froni  the  result  of  these  trials,  therefore,  we  are  warranted  m  con- 
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eluding  that  at  least  some  doubt  is  attached  to  the  assei-tion  of  the 
'  wholesome'  properties  of  chicory  root  as  an  article  of  diet. 

So  well  are  mothers  in  France  and  Germany  acquainted  with  the 
aperient  properties  of  chicory,  that  they  i'requeutly  give  infants  and 
young  children  a  strong  infusion  of  the  roasted  root  as  an  aperient,  pre- 
ferring it  to  ordinary  medicine  on  account  of  its  less  disagreeable  flavour. 

Again,  it  is  the  opinion  of  an  eminent  oculist  in  Vienna,  Professor 
Beer,  that  the  continual  use  of  chicory  seriously  affects  the  nervous 
system,  and  gives  rise  to  blindness  I'rom  amaurosis. 

These  ai-e  serious  efl'ects  of  the  use  of  chicory,  and  should  make  those 
in  authorit}'  hesitate  before  they  foster  the  use  of  this  article  by  giving- 
to  its  sale  an  undue  and  unfair  preference. 

The  greater  part  of  the  chicory  used  is  grown  in  this  country,  and 
does  not  pay  any  duty,  and  yet  it  is  allowed  to  be  mixed  to  any 
extent  with  coflee,  an  article  bearing  a  high  duty. 

Of  the  'nutritive'  properties  of  chicory,  of  which  Sir- Charles  Wood 
entertained  so  high  an  opinion,  we  need  say  but  little,  feeling  assured 
that  the  reader  will  scarcely  be  disposed  to  question  the  accm-acy  of 
the  assertion,  that  a  mouthful  of  good  wheaten  bread  contains  more 
noiu'ishment  than  a  cup  of  infusion  of  chicory. 

Chicory  and  coffee,  then,  may  be  thus  contrasted. 

They  differ  from  each  other  in  their  botanical  natm-e,  in  chemical 
composition,  and  in  physiological  action  and  properties. 

Coffee  is  the  fruit  or  seed  of  a  tree,  while  chicory  is  the  succulent 
root  of  a  herbaceous  plant.  Now  it  is  a  well-ascertained  fact,  that  of 
all  parts  of  vegetables,  the  fruit  and  seeds  usually  possess  the  most 
active  properties :  this  is  no  doubt  due  to  the  circmnstance  of  their 
being  fr-eely  exposed  to  the  influence  of  light  and  air — agencies 
which  promote  chemical  changes  in  the  plant,  and  so  efl'ect  the 
elaboration  of  those  complex  organic  substances  on  which  the  activity 
of  vegetables  depends.  On  the  other  hand,  it  must  be  manifest,  that, 
as  the  roots  are  removed  from  the  influence  of  these  powerful  agencies, 
they  cannot  be  so  richly  endowed  with  active  properties ;  and,  indeed, 
there  are  but  few  roots  which  contain  either  alkaloid  or  volatile-  oil 
—the  constituents  which  give  to  coffee  its  peculiar  virtues.  The  dis- 
tinction, therefore,  between  the  properties  of  the  seeds  and  roots  of 
plants  is  very  important,  and  it  is  especially  so  in  the  case  before  us. 

The  infusion  of  the  one  is  heavy,  mawkish,  and  nearly  destitute  of 
aroma ;  that  of  the  other  is  light,  fragrant,  and  refreshing. 

Coflee  contains,  as  already  shown,  at  least  three  active  principles,  or 
constituents,  viz.,  the  volatile  oil,  the  tannin,  and  the  alkaloid  caffeine; 
in  chicory  there  are  no  analogous  constituents. 

Coflee  exerts  on  the  system  marked  and  highly  important  physio- 
logical effects,  of  a  beneficial  character.  There  is  no  proof  that  chicory 
exerts  any  one  of  these  effects,  while  it  is  very  questionable  whether 
the  properties  which  it  does  possess  are  not  really  hurtful. 
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ABULTDrvATIOKS  OP  CHICORY. 

What !  cloicoiT  adulterated  ?  A  substance  used  to  adulterate 
another  article,  itself  adulterated?  Impossible!  Improbable  as  the 
thintr  appears,  it  is  nevertheless  true. 

When  it  is  remembered  that  all  the  vegetable  substances  employed 
in  the  adulteration  of  coHee  require  to  be  charred  or  ^oasled,  and  that 
to  effect  this  a  suitable  apparatus  is  required,  such  as  but  few  letail 
grocerrpossess,  it  at  once  becomes  at  least  probable  that  these  substances 

iSSd  Ibrce  when  it  becomes  ^o^ 
that  the  maioritv  of  grocers  buy  their  chicoiy,  not  m  nibs,  but  in 
^i^^  anTSat-this  is  supplied  to  them  by  -tain  who  e.a  e  cj.eo^^ 
houses  which  charge  for  it,  in  general,  a  less  price  than  ioi  tHe  niD., 
01- ^noCnd  root  itself,  or  than  lenuine  chicory  powder  can  be  lauiy 

'°^'Th;  substances  which  are  either  substituted  for  chicory,  or  mixed 
with  it  are  very  numerous;  several  of  these  we _  have  ourselves 
detected  while  others  have  been  discovered  from  time  to  ime  by 
dSnt'mrties.  They  include  all  those  employed  m  the  adulteration 
of  coS  indeed  the  greater  nmnber  of  substances  met  with  in 
^{ui&d  cofl^e  are  produced  into  it  through  the  chicory  with 

TWs  concision  is  deduced  not  only  from  the  examination  of  a  con- 
sideSe  mimiwof  samples  of  powdered  chicoiy,  but  from  evidence 

'""S'pTiSrfSrsrrpnblished  in  the  '  Pharmaceutical  Journal' 

= ls^»  ciicoS;  as  5is^^^lri:.w  ...... 

coffeeMts.  ^^^^   ,o,.es  not  only  that  chicoiy  is  adul- 

»r  "^Sr.  ^^^^ 

enumerated  under  coflee  ;  ^^^^^^j/^f  ^^r?  „ 

Wh!;  V.-^  t»  4e  use  of  carrot,  mi  par^ips,  Mr.  G.J,  i.  evidence 
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before  tlie  Pai'liamentaiy  Oommittee  of  1865,  under  tlie  presidency  of 
the  late  Mr.  Scholefield,  made  the  following  statement : — 

'  I  remember,  one  year  when  chicory  was  worth  211.  per  ton,  manu- 
factming  700  tons  of  carrots  into  chicory.  They  were  grown  by  one 
gentleman  in  Surrey,  and  supplied  to  the  bouse  where  I  was,  and  also 
360  tons  of  parsnips.' 

Besides  the  above-named  articles,  '  coffee^JUghts '  and  ' '  Hamhro' 
poivder '  have  been  used,  as  also,  it  has  been  alleged,  exhausted  tan, 
known  as  Croats,  and  oak-bark  poivder. 
The  following  engxavings  exhibit  the  microscopical  characters  of 

Pi£f.  46. 


Sample  of  Chicory,  adulleratcd  with  roasted  wheal  farina.  The  stnictm-es  marked 
o  a  are  the  ceUs  and  vessels  o£  chicoi-y  root,  while  those  marked  6  b  are  the  stai-oh 
corpuscles  of  wheat.  No  bodies  in  the  least  resembling  these  occur  in  genuine 
chicory  powder. 

chicory  adulterated  with  wheat  flour,  also  with  a  substance  resemblino- 
ground  acorn  (figs.  46  and  47).  " 

According  to  Dr.  Pereira,  '  Hamhrd  powder  consists  of  roasted  and 
ground_  peas,  &c.,  coloured  with  Venetian  red.  The  term  coffee-flights 
18  applied  to  the  thin  membranous  coat  (endocarp)  which  separates 
irom  the  coffee-seed  in  the  act  of  roasting.' 

In  Dr.  Pereira's  article  on  chicory  we"  meet  with  the  followino-  re- 
marks in  reference  to  Venetian  red :   ° 
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'  In  a  previous  numljer  we  explained  the  nature  of  Venetian  red. 
It  is  essentially  the  sesquioxide  of  iron,  obtained  by  ealciuiu;r  conunon 
copperas  (sulphate  of  iron).  The  different  colours  of  the  product 
depend  on  the  temperatm-e  to  which  the  sesquioxide  is  subjected. 
When  it  has  been  exposed  to  an  intense  white  heat  its  colour  deepens, 
and  it  is  then  termed  purple-broivn.    The  lighter  tint  of  Venetian  red 


Fig.  47. 


„     cell,  of  ^co,y  ;  ^  ^,  fragments  « 

fe^^t^^monly^  observe.,  ana  de- 

rived  from  the  testse  of  the  seed. 

3  1.     1  u„,.„+^r^Tl     Oiir  infol'niant  fa  manufactm-er)  told  us 
L^t™^San^^w^^^^^^^^^  various  prices  of  the 

S-et^  We  did  not  thinly  it  expedient  to  pry  into  the  patmyf  the 
Xte^atinl  ingredient,  but  a  friend  suggests  that  it  is  reddle,  the 
substance  ;}f  ^  for  maA.n^^^^^^^^^^        ^  ^^^^^^^^^  ^ 

tained  20  per  cent,  of  loffwood  and  malwgamj  dust. 
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RESFLTS  OP  TB:B  EXAMIirATION  OF  SAMPLES. 
The  resiilts  of  the  microscopical  examination,  made  some  years  since 
of  thirty-four  samples  of  chicory  powder,  some  of  which  were  pur- 
chased oi  diflerent  grocers  and  others  obtained  from  manufacturers 
were, —  ' 

First,  Ths-t  fourteen  samples  were  adulterated. 
Second,  That  in  nine  the  adulteration  consisted  of  roasted  corn. 
Third,  That  ground  scorched  beam  were'  present  in  four  of  the 
samples. 

Fourth,  That  in  om  case  groimd  acorns  was  detected. 

The  results  of  the  examination  of  twenty-three  other  samples  made 
at  a  subsequent  period  were, — 

First,  That  eleven  or  one-half  of  the  samples  were  adulterated. 

becond,  That  four  of  the  chicory  j^otvders  loere  adulterated  with 
roasted  wheat. 

Third,  That  ground  acm-ns  2vere  present  in  an  equal  number  of 
cases.  ^  ■' 

saiwlu^^^'        ^^^'^  °^  ^^^^  s«»niJ^es  contained  sawdust,  and  one  mahogany 

mangold-ivurzel  teas  detected  in  one  of  the  chicories. 
^     bixth,  lhat  tn  one  instance  roasted  carrot  was  2>resent. 

Lastly,  the  results  of  the  examination  of  thirty-eight  additional 
samples  of  chicory,  both  as  purchased  from  shops  and  as  procured  from 
manulactiirers,  and  which  examination  was  instituted  mainly  for  the 
purpose  ot  determining  whether  Venetian  red  or  other  analoo'ous  fer- 
ruginous earth  was  employed  to  coloui-  chicory,  were,—  " 

First  That  out  of  the"  eighteen  samples  of  chieoiV  procured  from 
manufactiirers,^i;e  were  adidterated  with  roasted  loheat  farina 
_    becond,  lhat  several  of  the  samples  yielded  a  coloured  ash,  derived 
m  some  cases  in  part  from  the  soil  in  which  the  chicory  had  been 
giown,  and  from  which  the  roots  had  been  but  imperfectlf  freed. 
P.tilil  '    ^  samples  of  chicory  purchased  at  the 

terJti^^^r     "I  ;  f  metropolis,  one  was  adul- 

terated  with  roasted  fanna. 

\r.,ZT^^'I^''^  °/  ''^^^''''^  samples  were  hic/hly  coloured, 

ri?'"^  ^5*"  P/'''^"'^^  '"^'^  red  ferruginous  earth',  J  reddle  or 
Vmetian  red.    In  two  samples  the  incorporation  was  so  imperfect 

tl  x{:i^.:^^^^^l  ^"'^'^  P"'''^'^^  Veneti'anred 

We  have  now  shown, 

largS'LtlSd  •  "'"^  ^"^''^'^  '^''^^ 

That  the  dealers  in  or  manufacturers  of  chicoiy  are  in  many  cases 
the  parties  who  practise  this  adulteration.  ^ 
the  retail'^nT '^'^  however,  to  declare  that  in  those  instances  in  which 
tne  retail  grocers  do  not  themselves  adulterate  the  chicory  they  vend, 
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we  are  imaUe  to  acquit  tliem  of  guilty  kuowledge  of  and  participation 
in  the  fi-aud:  this  kuowledge  is  displayed  in  the  fact  that  the  gi-ocer 
frequently  purchases  chicory  m  powder  at  a  price  at  which  it  is  not 
possible  to  procure  genuine  chicory.  ,     j      •  j 

The  prices  demanded  for  the  several  samples  analysed  varied  from 
5d.  to  li.  per  Ih.;  the  ordinary  charge  being  8J.  Tlie  pri^.e  of  chicory 
in  powder  to  the  ti-ade  ranged  in  general  from  208.  to  -2..  pei  c^., 
thus  the  profit  of  the  retail  grocer  on  the  sale  of  chicory  powdei  was 
seldom  under  cent,  per  cent.,  and  often  much  above  it 

On  the  detection  of  the  adulteratwm  of  f  "^'^'^^ -^1^^  Chan^^^^^^ 
of  the  Excheauer  in  May  1850,  stated  in  the  House  of  Commons, 
It  having  Sed  the  Lard  oi  Inland  Revenue  to  ^tatB  v^heAer 
there  was  any  ready  and  available  proof  of  the  mixtm-e  of  chicory  with 
coffee,  he  iad  received  a  reply  to  the  effect,  that  torn-  experienced 
persons  havin-  been  employed  in  making  expermients,  the  result  of 
tlfe  inr  u  n  was,  that  neither  bv  chemical  tests,  nor  m  any  other  way, 
could  he/ascei'tain  with  any  degree  of  <^-t-f Vtrlt^nStTv 
contained  chicory  or  not.'    On  being-  reminded  of  t^^^^.^^^^P^^I^^/^^, 
Rcholetield  Mr.  Geor-e  Phillips  made  this  notable  reply.—  Yes,  tnat 
fs  as  far  l^aci  as  1849.    The'  fact  is,  the  subject  had  not  then  been 
studied  as  re"-ards  the  adulteration  of  coffee  and  chicory. 

So  that  at  that  time,  on  the  admission  thuB  publicly  avowed  by  the 
chief  scientiL  aXrit;  then  connected  with  the  Exci_se_,  the  grocers 
t  L>?hin.  ^^^^^^^         could  do,  might  adulterate  then; 
chicory  as  much  as  they  pleased!    Pretty  protection  of  the  revenue 

*'"^Jotwithstauding  this  formal  and  '^PP-^^jy/^^J^t^n^^f 
nient  the  fact  is  that  few  things  are  easier  of  detection  than  the  pre- 
Tenceof  chSry  in  coffee  by  means  of  the  -^-^-^P-^^  ^^^^^^^^^ 
of  the  adulterations  of  chicory  itseK  are  for  the  most  part  not  more 

identification  ^^^^^^t^^^^^ 

sSyC^ftfrl^m^ 

depth  of  the  coloui-  the  proportion  ol  cuicoiy  mtvj  ^ 


CHICOBY  AND  ITS  ADULTEEATIONS. 


187 


method  is,  however,  utterly  fallacious,  since  the  colour  may  arise  from 
the  presence  of  burnt  sugar,  so  commonly  used,  or  of  roasted  wheat 
carrot,  and  other  similar  suhstauces. 

The  adulteration  with  chicory  has  been  attempted  to  be  established 
by  the  relative  specific  gravities  of  infusions  made  from  equal  quantities 
of  cofiee  and  chicory.  It  has  been  found  that  infusion  of  cottee  is  of 
much  lower  specific  gravity  than  one  of  chicory,  the  diflerence  in  fact 
being  about  1  to  3 ;  but  since  other  sweet  roots,  as  well  as  maize,  rye, 
&c.,  yield  infusions  equally  heavy  with  that  of  chicory,  the  test  is  use- 
less as  a  means  of  deteimining  the  fact  of  the  adulteration  of  coflee 
with  chicory.  The  colour  of  the  infusion  and  its  specific  gi'avity, 
doubtless  afford  roiigh  and  general  indications  as  to  whether  any  par- 
ticular samples  of  cofiee  are  genuine  or  not,  but  it  is  impossike  by 
these  characters  to  pronoimce  an  opinion  as  to  the  precise  natm-e  of  the 
adulteration  practised. 

The  difiiculty  of  detecting  chicoi7  by  chemical  means  arises  from 
the  absence  of  any  peculiar  and  distinctive  principles  in  the  roasted 
root.  Various  attempts  have  been  made  with  the  view  to  discover 
some  characteristic  reactions  and  peculiarities  of  composition ;  Messrs. 
Graham,  Stenhouse,  and  Campbell  especially  have  directed  their  atten- 
tion to  this  subject. 

These  chemists  have,  among  other  points,  endeavom-ed  to  make 
use  of  the  colour  and  speci/ic  gravity  of  the  different  infusions  used  as 
a  means  of  detecting  the  adulterations  of  cofiee  with  chicory  and  other 
roots;  but  these  data  are  not  capable  of  affording  any  specific  informa- 
tion, although  they  are  sufiicient  in  many  cases  to  establish  the  general 
fact  of  adulteration.    (Table,  p.  164.) 

They  have  also  endeavoured  to  avail  themselves  of  the  presence  of 
glucose  or  grape-sugar  in  chicoiy  as  a  means  of  discrimination :  thus 
while  the  sugar  m  roasted  cofiee  rarely  exceeds  1  per  cent.,  and  is 
usually  only  half  this  quantity,  in  roasted  chicory  it  has  been  found 
to  range  from  9-86  to  17-98  per  cent. ;  but  since  other  sweet  roots,  as 
beet-root,  mangold-wiu'zel,  tiu-nips,  dandelion,  carrots,  and  parsnips, 
contain  on  the  average  as  much  sugar  as  chicorv,  this  means  utterly 
tails  as  a  test  for  chicory.  The  utmost  that  can  justly  be  inferred  from 
tile  presence  of  a  considerable  amount  of  sugar  in  ground  coffee  is,  that 
It  is  adulterated,  and  probally  with  one  or  other  of  the  roots  above- 
named  (Table,  p.  164.)  Further,  the  presence  of  sugar  in  small 
quantity  only  affords  no  proof  of  the  genuineness  of  cofiee,  since  some 
ot  tiie  cereaLs  and  other  substances  employed  to  adulterate  coffee  are 
equally  deficient  with  it  in  saccharine  matter.  Lastly,  sugar  is  often 
pm-posely  added  to  coffee,  sometimes  dm-ing  the  roasting,  and  sub- 
sequently m  the  form  of  burnt  sugar  or  black  jack. 

Again,  they  have  availed  themselves  of  the  quantity  of  silica  present 
of  ri?!-  f  "toffee  and  other  vegetable  adulterants  as  another  means 
01  discnmination.  The  sihca  of  roasted  coffee  averages  usually  about 
a  quarter  aqd  rarely  approaches  one  half  per  cent. ;  while,  as  has  been 
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already  shown,  the  sand  aud  silica,  insoluble  iu  acids,  of  foiu-  samples 
of  roasted  chicorv  amounted  to  as  much  as  10-6!J,  30-71,  aud 

35-85  per  ceut.  of  the  ash :  but  iu  roasted  dandelion  root  the  propor- 
tion of  silica  is  as  gcreat  as  in  chicory,  fn-eat  part  of  the  silica  iu  both 
cases  being-  derived  from  the  dirt  still  adliering  to  the  imperfectly 
cleansed  roots.    The  same  is  the  case  with  the  roots  of  carrots  aud 
parsnips  prepared  iu  the  same  rough  way  for  use  as  chicory  root.  The 
presence,  therefore,  of  a  large  excess  of  silica  does  not  prove  the  fact  ot 
adulteration  with  chicory  ■  indeed,  it  can  scarcely  be  said  to  atiord 
decisive  proof  of  adulteration  of  any  Iriud.    In  the  cereals  again,  with 
the  exception  of  maize,  the  ash  of  which  contains  about  2  per  ceut., 
the  silica  is  hio-h,  as  shown  bv  the  researches  of  Messrs.  Ogston  and 
AVay,  who  stat'e  that  in  wheat  the  silica  varies  from  20-6  to  54-0  per 
cent,    in  barley  from  23-6  to  70-77;  in  oats  from  38-48  to  50-03 ; 
while  in  rye  it  is  about  9-22  ;  but  it  must  be  remembered  that  nearly 
the  whole  of  the  silica  found  in  the  cereals  is  present  in  them  lu  the 
combined  state,  and  therefore  must  not  be  confounded  with  that  acci- 
dentally present  in  the  roots  of  most  plants.  .    ,   ,       ,  f 
Lastly  Messrs.  Graham  aud  Stenhouse  have  examined  the  ash  ot 
coftee  aud' chicory,  aud  certain  other  adulterants,  with  a  view  to  dis- 
cover distmctive  characters.    The  principal  diflereuces  in  the  composi- 
tion of  the  ash  are  shown  by  the  figures  given  below  :— 

In  Coffee  Ash.  In  Chicory  Ash. 

Silica  and  sand    ...  -  10-^9  >f  35-8^ 

Uarb.ni.  acid      .       .       .       14-02  l-.  8to  o-19 

Sesquioxideofirou     .       .        0-44  to  0-98  S  lo  to  o-^2 

Chlm-me      ....        0-26  to  1-11  3-28  to  4-93 

Extending  the  comparison  further,  however,  we  find  in  a  variety  of 
other  vegetable  substances,  even  of  those  used  m  the  adidt^ration  of 
chicorv  and  coffee,  an  excess  of  aU  the  constituents  referred  to  above 
over  the  quantities  usually  contained  m  coffee.  Some  of  the  sub- 
stances in  which  excess  of  silica  occurs  have  already  been  mentioned. 
Carbonic  acid  occurs  iu  nearly  the  same  proportion  in  acorns  parsmp 
beet-root,  carrot,  and  tm-nip,  as  m  cottee;  the  quantity  of  chloiine 
aii-oSates  to  chicory  in  acorns,  parsnip,  ean^3t,  turnip,  J^^- 
lion  roots;  lastly,  the  iron  is  excessive  in  dandelion  and  beet-root,  and 
would  be  so  no  doubt  in  carrot  and  parsnip  roots  imperfectly  cleansed 
Td  freed  from  dirt.  Besides,  all  conclusions  based  upon  an  excess  of 
lion  except  the  general  one  that  adulteration  with  some  substance 
contkiuint-  an  excess  of  that  metal  has  been  practised,  are  l^ecluded  by 
the  S  that  chicory  and  other  roots  employed  to  sophisticate  cofiee 
are  tre  nse^f  o  te?  ad.dterated  with  red  ferruginous  earths,  as  \  e-ae- 
tian  red  and  reddle,  which  themselves  frequently  contain  an  admixtiue 

"^^?tSSc£^^eS  with  any  ofthe  -e^s,  ancl^  to^a 
less  extent  with  lupius,  peas,  aud  beans,  is,  of  coiu-se,  distinguished  bv 
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the  large  amount  ef  phosphoric  acid  present.   In  coftee  the  phosphoric 
acid  may  be  set  down  at  about  10  per  cent,  of  the  ash  ;  in  chicory  it 
varies  from  6-85  to  11-27 ;  in  hipins  it  is  usually  about  25  per  cent 
and  iu  maize  44  per  cent.  ' 

With  regard  to  the  nitrogm  of  coffee  and  chicory,  the  authors  of 
the  Eeport  under  consideration  remark '  The. proportion  of  iiitro"-eu 
m  coftee  is,  therefore,  greater  than  in  chicory ;  but  the  difference  is  uot 
sufhciendy  marked  to  distinguish  the  two  substances  readily  from  each 
other.  The  conclusion  may,  however,  be  drawn  that  less  than  2  per 
per  cent,  of  mtrogen  in  coffee  is  a  strong  presumption  of  adulteration.' 

DBTEOTIOK-  OF  THE  -UliaTERATIONS  OP  CHICORY. 

Bij  the  microseope.~lt  is  obviously  best,  therefore,  not  to  ivnste 
time  m  the  prosecution  of  chemical  methods  of  research  leadinc  to  no 
certain  results  but  at  once  to  have  recourse  to  the  microscope:  by 
this  mstrimient  aU  the  adulterations  of  coffee  and  chicory  with  yeo-e- 
table  substance8_  are  discoverable  with  ease  and  certainty  In  the 
case  of  chicory,  it  is  only  necessary  to  ascertain  whether  those  struc- 
mes  characteristic  of  its  root  (figs.  44,  45,  and  46)  are  present  or  not, 
to  observe  well  the  size  of  the  ceUs,  whether  they  contain  starch  or 

-^^ther 

For  this  pmpose,  a  grain  or  so  of  the  powder  should  be  placed  on 
a  hp  of  g  ass,  a  drop  or  two  of  water  added,  and  the  Jir  par- 
ticles, which  swell  up  and  become  more  visible  than  when  in  the  d^^ 
state  torn  into  pieces  by  means  of  needles.  A  little  of  the  powdS 
should  then  be  placed  on  a  clean  slide,  covered  with  a  piece  EfThS 
^   Thr./;'^'?'^  *°  examination  with  a  i-  or  i-inch  object-glass 

f         '  ■       °^  ^"^^  P'-irt  tiie  Tame  as 

those  of  coffee,  similar  means  must  be  had  recoui-se  to  for  their  detec- 
ton:  when  these  consist  of  vegetable  substances  of  any  Irind  the 
microscope  wiH  be  found  to  supply  the  only  ready  and  certain  means 
of  detection  ;  when  of  chemical  substances,  as  burnt  suo-ar  or  Ve3n 
red,  chemical  methods  of  research  must  be  'resorted  to.  For  a  detSed 
description  of  the  characters  of  the  various  substances  used  in  he 
adultemtion  of  coffee  and  chicory,  and  of  the  means  for  theii-  discoyeiw 
the  reader  IS  refen-ed  to  the  preceding  article  on  'Coffee  ' 

Ijetection  and  estimation  of  starch.~T]xe  detection '  of  substances 
con  aimng  starch  chemical  means  is  attended  with  even  oTeS  dTf 
ficdties  than  in  the  case  of  coffee,  the  blue  colom-  develop d  on  the 
£nTch"ory.'  '""^  ^'^''"'^^  ^--^  colom-^of  th^e  S 

Starch  may  be  thus  detected,  however:  iodine  may  be  anrilip^  „ 
small  quantity  of  the  article  placed  under  the  microsS,  wSSe  blue 
coloration  which  ensues  wifl  be  immediatelyrecomised    W  J?  ,  i 
to  determine  the  quantity  of  starch  present  wVrftTrSeW  i'Xwt 
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—A  carefully  prepared  infusion  of  the  article  is  to  be  made  :  this  is  to 
be  divided  into  two  parts ;  in  one,  the  suf^ar  is  to  be  determined  hy 
Fehliuo-'s  solution,  or  by  converting  it  into  alcohol  by  fermentation  ; 
the  other  is  to  be  boiled  with  dilute  sulphuric  acid  until  all  the  starch 
is  chano-ed  into  trrape-sugar,  from  the  amount  of  which  present  (de- 
ducting, of  course,  the  glucose  not  derived  fi-om  the  conversion  of  the 
starch)  the  starch  itself  mav  be  calculated.  The  methods  for  the  esti- 
mation of  sugar  will  be  found  fully  described  lu  the  article  on  Sugar. 

Detection  and  estimation  of  Venetian  red  and ,  ecldle^ i:he  evidence 
of  the  use  of  reddle  and  Venetian  red  is  principally  derived  from  the 
incineration  of  a  certain  quantity  of  the  suspected  chicory  powder,  and 
bv  analysis  of  the  ash.  All  vegetable  substances,  whether  coloured  or 
Bot  yield,  on  incineration,  a  greyish-white  ash.  The  ash  of  coloured 
iSihjsnhsUuces,  on  the  'contrary,  after  being  burned  in  a  crucible, 
remains  more  or  less  coloured.  ,       ,i  j.i 

Ss,  however,  chicory  is  the  root  of  a  plant,  and  as  the  earthy 
matter  is  but  seldom  entirely  removed  from  it  by  washing,  the  ash  of 
^en  oenuine  chicory  not  unfrequently_  exhibits,  on  this  account,  a 
slight  deo-ree  of  coloration,  being  occasionally  bro^vlllsh  or  of  hght- 
&n  colom-.  It  is  only,  therefore,  when  the  ash  is  decidedly  coloiu-ed 
and  especially  when  of  a  red  or  rusty-red  colour,  that  the  presence  of 
Venetian  red,  reddle,  or  some  other  analogous  substance,  can  be  in- 

'"TnttSftSrefore,we  have  a  ready  means  of  determining 
whether  a  sample' of  chicoiy,  or  any  other  vegetable  powder,  contains 
Tn  admixtm-e  of  any  ferruginous  colouring  matter,  a  conclusion  which 
mnv  be  confii-med  by  chemical  analysis.  ,  ,  i 

\X°ShSie  presence  of  iron  is  suiiiciently  indicated  by  the  colour 
of  the  ash  of  chicory,  and  most  other  vegetable  substances  yet  m  some 
S  ses  it  becomes  n'e'cessary  to  determine  its  amount.  For  a  ready 
„-,«+1ir,rl  of  effectino-  this  obiect  see  the  article  on  iea. 

The  cases  then,  of  coftfee  and  chicory  afford  striking  illustrations 
of  what  can  be  eff;cted  in  the  discovery  of  adulteration  by  means  of 

^^'itrartX  on  'Chicory 'may  be  concluded  by  a  reference  to  the 
u     .-L  wli  Ph  has  of  late  vears  taken  place  in  the  law,  whereby  it 
alteration  which  h^^^^^^^^  houS  not  be  sold  mixed  with  coffee,  except 

thelTof  S  ad^nSm"  S  specified  by  a  label.  This  law  is,  how- 
tlie  lact  01  hucu  mixture  is  sometimes  sold  without  the 

SiTothe  'cal^^^^^^^  where  coffee  only  is  asked  for-, 

If  '  v^fnf  rtiP  label  are  Jften  hid  in  the  folds  of  the  wrapper;  and, 
lttl">  soleYnSLs'the  so-eaUed  mixtiu-e  consists  almost  entn-ely 

of  chicory. 
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CHAPTER  VII. 
COCOA  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  animal  ypgetable,  or  mineral  substance,  or  more  than  2  .ip,-  PPnf 
of  the  husk  of  cocoa.    The  abstraction  of  i  nnrtinn  nf  tiL  V  I     /  !  ' 
an  adulteration  :  aU  mixtures  f  sZ^^^^^^  deemed 
nam.d  and  labelled  as  mixtures.  tKo.4  d^finftion  t^^^^^^^^^ 
chocolate  being  merely  another  name  for  cocoa.  ^"  chocolates. 

Cocoa  is  prepared  from  the  seeds  of  Theohroma  Cacao,  so  named  bv 
LimiEeus  from  the  Greek  word  Qmc   God   mirl  r  -       f   j   ""^  "7 
fyi^g  that  cocoa  is  a  food  fit  for  the  g-ods  '  Itt^^^^^^ 
order  Byttnenacem  or  Sterculiacem.  ^  *° 

^./^''^Ta^  H°tS°™^  tree,  indigenous  to  the  West  Indies 
and  Central  America  '  It  grows  spontaneously  in  Mexico  and  T^hl 
coast  of  Caraecas,  and  forms  whole  forests  in  Lmerain     Tf  t  T  J? 

other  by  partitions;  Occupying  tlie  diAionsTf  4^1?)*  ^^ 

ar,  much  smaller,  and  encIoBe  only  from  .ix  „  ttee„%eed, 
'  are  pacled  uptnd'te '^rd^ S^fh^/'^*  l^'.^^^^^  ^-ns 
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ation,  or  else  tliey  are  put  into  pits  or  treuclies  dug  in  tlie  earth. 
Lastly,  they  are  exposed  to  the  sua  and  dried. 

Duriurr  the  process  the  beans  emit  a  good  deal  of  moistiu-e,  lose 
weight,  as  well  as  part  of  their  bitterness  and  acrimony. 

The  seeds  which  have  undergone  the  process  of  fermentation  are 
considered' the  best;  they  are  larger,  of  a  darker  brown  colour-,  and 
after  roa^tiuo-  throw  off  their  husks  readily,  and  split  easily  into 
SSrarptces  or  lobes.    They  have  an  agreeable  mildly  bitter  taste, 

"''The  b'eansTf  Guiana  and  West  India  cocoas,  while  they  are 
smaller  flatter,  smoother,  and  of  a  lighter  colour,  are  also  more  sharp 
Td  bilteTto  the  taste.  '  They  answer  best  for  the  extraction  of  the 
butter  of  cacao,  but  afford  a  less  aromatic  and  agreeable  chocolate.  — 

Johnston  states  that  the  bitterness  and  acrimony  of  taste  is 
greater  in  the  beans  of  the  mainland  than  m  those  of  the  American 
Islands  The  cocoa  of  Central  America  is  however  of  superior  quality, 
or  at  least  is  more  generallv  esteemed  in  the  European  markets  than 
?Lt  wh  cl  is  grow  in  the  West  Indies.  It  still  retains  a  greater 
deoTcIof  bitterness,  and  this  maybe  one  reason  for  the  preference 

The°  iocoa  of  Trinidad  is  the  variety  chiefly  consumed  in  this 

''"'"feous  to  being  used,  the  beans  are  roasted  in  an  apparatus 
similar  Vo  ?hat  of  a  coffee-roaster.  When  the  aroma  :s  well  developed 
Z  roastino  is  known  to  be  finished.  The  beans  are  turned  out, 
cooled  and  freed  from  their  outer  husks  by  fanning  and  sifting  the 
nni  'sheU-like  husk  remaining  .mbroken.  l^^lXltt 
the  starch  is  converted  into  dextrm,  and  a  little  of  the  lat  into  iatty 

^""^  rocoi  has  been  in  use  in  Mexico  from  time  immemorial.  It  was 
intiSSdtto'  Em-ope  by  the  Spaniards  in  1520,  and  by  them  it  was 
long  kept  a  secret  fi'om  the  rest  of  the  world. 

COltPOSmON  OF  COCOA. 

The  foUowing  is  the  composition,  according  to  Lampedius,  of  100 
parts  Of  the  seeds  of  West  Indian  cocoa  depnved  of  husk  :- 


Fatty  matter      .      -  ^  ■  ■ 

Albuminous  brown  matter,  containmg  the 


aroma  of  the  bean 
Starch 
Gum  . 
Lignine 
Red  pigment 
Water  . 
Loss  . 


63-10 

16-70 
10-91 

7-75 

0-90 

2-  01 
5-20 

3-  43 

100-00  parts 
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This  analysis,  which,  however,  so  far  as  it  goes,  is  one  of  the  hest 
which  has  heen  made,  entii-ely  overlooks  some  of  the  more  important 
constituents  of  cocoa,  as  the  volatile  aromatic  oil,  the  theobromine 
analogous  to  the  theine  of  tea,  and  the  hitter  and  astrinqent  principle 
The  proportion  of  starch  appears  also  to  he  somewhat  underrated. 

Payen's  and  Mitscherlich's  analysis  corresponds  in  the  main  with 
the  above,  the  analysis  of  the  former  chemist  being  as  follows  :— 

Fatty  matter  {52 

Albuminoid  matter  20 
Starch  ■  ^  lo 
Cellulose  2 
W'lter     .      .      .      .      \  .    \      \  ' 

Theobromine  |       '  2 

Mineral  matter       ...!.'*  4 

100 

Tuchen's  analyses,  which  probably  apply  to  the  unshelled  beans,  are 
obviously  mcorrect  m  several  particulars,  and  need  not  be  quoted. 

Two  samples  of  commercial  cocoa,  the  one  in  cakej  the  other 
flaked,  analysed  by  om-selves,  fiirnished  the  foUowing  results  :— 

-^^^^^  Caked  Cocoa.   Flaked  Cocoa. 

Fatty  matter  .■  i-9n  -^fon 

Albuminoid  matter       .       .       .  16-64  Jell 

Starch,  gum,  cellulose,  and  colouring  matter  25-47  21-27 

Theobromme  ....  n.7n  n  U 

Mineral  matter  3-22  ttl 

100-00  100-00 

o\r.S^''T:         ^.«°taif\f  great  variety  of  important  nutritive  prin- 

Tnd  tU  l^r  *°  "^'^''^        the  theobromine, 

a^d  the  bitter  principle  gum,  starch,  much  fat  and  gluten :  like  milk 

;L  bolr  '"'"^  ^'"'''"'^  gi-owth  W  sustenan^;  of 

it  th^Ar^''^'^'      IS  developed  during  the  process  of  roasting  :  it  is  to 

Lt  Isted  Zr""''  '1^^^'^  P^-^'-f^  ^^^^  «°coa  is 
tost  roasted.    Its  action  on  the  system  is  probably  similar  to  the  cor- 

3atrcf siifr '    ^''^'^^^'^^  ^^^^'y  «^ 

diffeSmTS  '  i^P^  crystallisable  substance,  but 

foSa  bdn*  r  n  N  n^°^'  tT-^  ^"^"^T  Proportion  of  nitrogen,  its 
%\1    "  ^  WOj  which  IS  equal  to  31 -ll  per  cent,  of  nitro- 

s  thel'e^^£^reVX™^^^^ ''''  - 

becaut\«lfT^''J^^'^^''^.^  ^""^^  ^°  ™,  for  two  reasons;  first 
who  W     .    v^'^''^^  fat;  and  second,  the  chief  analvst 

Svl  ^^'*  ""'^V^^  of  theobromine  is  Pkyen.  In  Tuchen's 

analysis  the  quantities  range  from  0-38  to  0-66 ;  in  Mtscheih^  from 

0 
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1-2  to  ]-5,  and  in  our  own  analyses  from  0-47  to  0-78.  Tbeoljromine 
exists  also  in  smaller  quantity  in  the  husk  of  the  bean 

The  hitter  and  astrinqcnt  ^orinciples  are  probably  distinct:  the 
bitterness  is  greater  than  that  of  coHee,  but  the  astnngency  less  than 
that  of  either  tea  or  coflee.  ,        .  ,  . 

The  concrete  fnt  or  oil  is  the  predominant  ingredient  m  cocoa, 
iorming  over  one-half  the  weight.  In  its  presence  cocoa  differs  re- 
markably from  tea  and  coffee.  .  p,,  11  ^ 
This  fatty  oil  termed  butter  of  cocoa,  is  of  the  consistence  ot  tallow, 
and  has  the  same  fusing  point  as  butter.  It  is  white  of  a  mild  and  agree- 
able flavour,  and  is  not  apt  to  turn  rancid.  It  is  soluble  m  boiling  alcohol, 
from  which  it  is  precipitated  as  the  spmt  becomes  cold.  1  o  obtain  it  in 
Quantitv,  the  beans,  after  having  been  steamed  and  soaked  m  boiling 
water  for  some  time,  are  subjected  to  strong  pressm-e  in  canvas  bags. 
The  proportion  of  butter  procured  by  this  method  is  from  hve  to  six 
ounces  to  a  pound  of  cocoa,  some  of  the  oil  remaimng  behind  m  the 
beans.  It  possesses  a  reddish  tinge  when  lirst  expressed,  but  becomes 
white  by  boiling  with  water. 

It  is  much  used  in  France  for  making  soap,  candles,  and  pomatum. 
The  quantitv  of  cocoa  butter  is  so  great  that  m  some  cases  the 
cocoa  is  found  to  be  too  rich  for  persons  of  delicate  digestion,  and  by 
some  makers  part  therefore  of  the  oil  is  absti-acted  with  a  view  to 
render  the  cocoa  less  rich  and  more  digestible.  We  do  not  see  any 
obiection  to  this  practice,  provided  the  abstraction  is  acknowledged 
The  fat  thus  removed  possesses  but  small  commercial  value,  and 
hence  there  is  no  inducement  to  remove  it  on  account  of  its  value,  and 
the  cocoa  that  remains  after  the  abstraction  is,  of  com'se  of  a  higher 
money  value,  and  contains  in  larger  proportion  aU  the  other  important 
Constituents  of  the  seed-namely,  the  volatile  oil,  theobromine,  bitter 

^'^'SSTlS^SS^M^^^  tea  and  coffee  in  containing 
a  considerable  amount  of  starch,  an  important  constituent  in  nearly  aU 
the  more  valuable  vegetable  articles  ot  lood.  t^.  •    i,^.  -^^ 

Cocoa  red  forms  the  coloimng  matter  of  the  beans.  It  is  obtain^ 
from  the  aqueous  or  alcoholic  decoction  by  precipitation  with  acetete 
ofTad  and  decomposition  of  the  precipitate  after  washmg  with  s^- 
nhSted  hydi-ogen.  The  solution  thus  prepared  possesses  a  bitter 
taste  and  arording  to  Watts,  '  yields  lilac  or  grepsh  precipitates  with 
fcetate  of'lead  and  frotochloride  of  tin ;  dark  green  or  brown  green  with 
ferric  saSts  aM^^  of  various  shades,  or  sometimes  ^^oM,  with  ferrou^ 
SS  The  colour  of  the  precipitate  varies  in  each  case  according 
as  the  cocoa  red  in  the  solution  is  more  or  less  mixed  with  other  sub- 

'^'"'rvfp  solution  absorbs  oxygen,  becomes  acid,  the  colouring  matter 
^'''S;,lrr..fa!roS":  authorities,  for.  .W  12 
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Fine  Caracas  cocoa      .      .      .  P«^'=entege  of  uust. 


 \-Ul,Uil 

San  Antonio,  Trinidad 
Fine  clayed  Bahia 
Finest  Trinidad  . 
Grenada  cocoa 
Trinidad  „ 


15-1 

12-  0 
15-0 
11-9 

13-  4 

13-4 


Average      .  ^ 

.uoS  zjt '.i'si.: 


1 

HUSK. 

1 

BEAN. 

Soluble 
Ash. 

Insolu- 
ble Ash 

Total. 

Soluble 
Ash. 

Insolu- 
ble Ash 

Total. 

Fine  Caracas  cocoa 
San  Antonio,  Trinidad 
Fine  clayed  Bahia 
Finest  Trinidad  . 
Grenada  cocoa  . 
Trinidad  „ 

2-10 

4-  60 

2-  04 

3-  64 

5-  01 

4-  17 

18-78 
13-6.3 
11-41 
7-79 
3-10 
7-79 

20-88 
18-25 
13-45 
11-43 
8-11 
11-96 

1-25 
1-25 

0-  90  , 

1-  00 

0-  81 

1-  11 

2-27 
1-73 
1-73 
1-93 
1-90 
1-70 

3-52 
2  98 
2-63 
2-93 
2-71 
2-81 

Average 

3-59 

10-42 

14-01 

1-05 

1-87 

2-93 

the  ash  of  the  husk  and  bean 
20-88,  and  the  lowest  81 1  tJ.^  ^°^°™t  ^^ing  for  the  husk 

2-63  a.d  .3-52  resp:S;-elv,^£^^^^^  the  beat 

the  husk  varies  from  2-04  to  5-01  tT«  TJ  °     v  •  ash  of 

tean,  which  represents  of  clrse  Ln.l.  «f  the 

average  being  1-05.    Now  it  h!!  ^  ^""^  ^'^^  to  1-25,  the 

to  calculate  from  the  weight  of  tt  Wariklyn 
tions  of  su-ar  starch  «n?r!  P^'^  °^  the  ash  the  pronor- 

taking  2-16  ;;fS  as  Th^ r''°*  any  sample  of  mixedToLt 
obtained  by  enaction  from  cocrSS  f        ^*^We  ash' 

a-al  weight  of  the  soluble^  ^^If  i^^^^^ 
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probable  that  the  ash  extracted  by  cold  ^^^f  T^^^^^^J^V^ncTSTa; 
Lt  we  have  deemed  it  worth  while  to  put  the  method,  since  it  has 

to  the  factor  emploved  Ij  Mr.  WanUy»,  oamelv,  2  16          J''  f  'J 

bwer  nmiiber.  The  worthlessness  of  the  method  is  thus  thereiore 
•  give  the  composition  of  the  ask  of  the  cocoa 

tean:—  LetelUer. 

Potash       .  -      •  ^3'* 

Soda  . 


Lime 

Magnesia  . 
Sulphuric  acid 
Carbonic  „ 
Phosphoric  „ 
Phosphate  of  iron 
Chlorine 
Silica  . 


11-0 
17-0 
4-5 
1-0 
29-6 

0-2 
3-3 

100-0 


Zedeler. 
37-14 

1-  23 

2-  9 
16-0 

1-5 
1-2 
39-6 

0-  7 

1-  7 


102-3 


eoco?^^s    aS,  of  th,  tod  suto«.nc,,  3-87  pe,  cent.^:  - 

4-30 


Silica  . 

Sulphuric  acid  . 
Chlorine 

Phosphoric  acid  . 
Lime  . 
Magnesia 
Carbonate  of  lime 
of  soda 


0-  45 
38-18 

1-  94 
trace 
44-44 

7-83 

98-13 


It  appear  s"^ri:^T:t^°?z'':'i^''^^'>^ 

incorrect,  since,  according  to  it,  no  base  is  len 
phosphoric  acid. 
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It  IS  very  seldom,  indeed,  that  a  fidl  analysis  of  cocoa  will  be 
required ;  as  already  stated,  the  following  substances  enter  into  its 
composition :  Water,  starch,  gum,  fatty  matter,  volatile  oil,  red  pig- 
ment, albuminous  compounds,  theobromine,  fibre,  and  ash.  It  is  only 
necessary  to  give  processes  for  the  estimation  of  the  more  important 
constituents-namely,  the  gum,  starch,  albuminous  substances,  cocoa 
butter,  theobromine,  cocoa  red,  and  ash. 


Estimation  of  gum.— K  weighed  quantity  of  the  powdered  cocoa, 
say  five  granimes,  is  to  be  repeatedly  shaken  with  cold  water,  which  will 
dissolve,  besides  some  mineral  matter,  the  whole  of  the  gum  present. 
The  solution  is  to  be  filtered,  and  the  filtrate  evaporated  on  the  water- 
bath  nearly  to  diyness.  Strong  alcohol  is  added,  which  precipitates 
the  gimi.  This  IS  filtered  through  a  weighed  filter,  washed  with  alcohol, 
dried  and  weighed.  _  It  is  after  weighing  incinerated  in  a  weighed 
crucible  and  the  mineral  matter  thus  usually  obtained  is  to  be  sub- 
tracted from  the  amoimt  of  crude  gum. 

_  mimation  of  starch  ~T!h&  quantity  of  the  cocoa  which  was  left 
i""  cold  water  18  now  boiled  with  water  to  burst  and  dissolve 
the  starch  granules  A  few  drops  of  sulphuric  acid  are  added,  and  the 
boilmg  IS  contmued  for  5  or  6  hom-s.  By  this  operation  aU  starch  is 
converted  into  glucose  or  grape-sugar,  which  is  estimated  by  means  of 
a  standard  copper  solution,  as  will  be  found  described  mider  the  head  of 

.^'*^^^fo^  of  fatty  matter.-^hvBB  granimes  of  cocoa  are  dried  in  the 
wa^er-bath  and  exhausted  with  ether.  The  ethereal  solution  on  evapor! 
ation  leaves  the  fat,  which  is  dried  and  weighed.  It  must  be  borne  hi 
mind  that  some  or  aU  of  the  theobromine  will  be  dissolved  by  th^ 
ether,  and  thus  be  weighed  as  fatty  matter.  The  quantity  of  theo^ 
bromine  which  IS  to  be  determined  by  the  process  given  below  is  to 
of'etfef      '  ^'""^       "1"^"' °'      extracted  byleaS 

mimationj^theobromine.--20  gi-ammes  of  cocoa  are  boiled  with 
'^T.*J'^'       ^         °^  The  solution  is  allowed  toT^l 

ton  o  Z  1    V  }  ^^"^  flo^t  on  the 

decocting  aSf;  f  ^  PiP^««  500  cc.  of  the 

Ti,  ^Vr:  ^^^^  t}^vou^^l  a  dry  filter,  if  Secessary,  repeatedly 
The  filtrate  represents  10  grammes  of' cocoa.  It  is  evapo  -ated  onZ 
water-bath  with  the  addition  of  a  small  quantity  of  ma-nesia  exactly 
as  described  under  the;  Estimation  of  Theine  '  in  Tea.  The  s^nie  pro- 
cess of  estimation  Will  therefore  be  applicable  to  both.  We  W  o^- 
selves  employed  this  method,  devised  by  Mr.  Hehner,  and  found  Jhe 
theobromine  obtained  to  be  perfectly  white  and  crystaUi  ino-  in  beautiM 
needles.    Theine  and  theobromine  /esemble  each  other  very  closely  and 

£l!SSrnirgtn.™^^^^°"^^ 


198 


COCOA  AND  ITS  ADrLTEBATlONS. 


Estimation  of  the  albuminous  substances. — For  the  estimation  of 
the  gluten  a  combustion  for  nitrogen  with  soda-lime  has  to  he  made. 
From  the  amount  of  nitrogen  obtained,  a  quantity  corresponding  to  the 
amount  of  theobromine  I'ound  is  to  be  subtracted.  The  remainder, 
multiplied  by  6-33,  gives  the  percentage  of  albimiinous  substances. 

Estimation  of  cocoa  red. — The  method  for  the  estimation  of  this 
substance  has  already  been  brietiy  given  under  the  head  of  the  '  Com- 
liosition  of  Cocoa.' 

rig.  48. 


Tliis  engraving  represents  the  tubular  fibres  usiially  observed  in  greater  or  le« 
numbers  on  the  surface  of  the  Cocoa  Seed.   The  fibres  are  magnified  100  dia- 


meters. 


Estimation  of  mineral  matters.— T'heae  are  determined  by  incinera- 
tion in  a  weighed  capsule,  as  abeady  described  m  several  places. 


THE  STRrCTUEE  OF  THE  COCOA  BEAN. 

The  first  structure  noticed  on  the  surface  of  the  husk  consists  o 
considerable  number  of  tubular  Jibres  of  large  size,  and  contammgg 
nular  matter  and  minute  corpuscles;  they  are  more  abundant 


COCOA  AND  ITS  ADULTERATIONS. 


]99 


some  seeds  than  others  ;  they  do  not  appear  to  fonu  part  of  the  seed 
but  belong  rather  to  the  seed-vessel,  and  they  are  probably  derived 
rom  the  spongy  substance  which  suirounds  the  seed  :  the  fibres  for 
5r  :id'T2^' 4^^^^^^^^       '^'^  —  «f      long  ax?: 

Fig.  49. 


This  engraving  represents  the  tico  ouler  tunics  of  the  hna-,  n-f  /;,»  ,  ^  ^  ^ 
together  with  the  enlaryed  and  mucaayZZtg  cJ^  a  tu^^^^ 
^^k^  --"asVeUTee'^oTXVa^ 

memWr^  ""'^  ^^''^  ^'"^^  distinct  tunics  or 

eaci?'ntl£'*l'"i         "'f?^'""""  consists  of  elongated  cells,  adapted  to 

Ihe  second  tunic  is  constituted  of  large  angular  cells,  superimposed 

*  0  4 
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in  several  closely  connected  layers ;  towards  the  centre  of  the  mem- 
brane formed  by  them  the  cells  increase  greatly  in  size,  their  panetes 
become  thin  and  diaphanous,  and  their  cavities  tilled  ^vith  a  mucila- 
ginous substance,  which,  in  the  bean  soaked  in  water  for  some  hours, 
is  seen  to  be  considerable  in  quantity.  ,      j     n  j 

These  two  membranes,  together  with  the  enlarged  ceUs,  are  de- 
lineated in  fig.  49.  „  , 

As  the  cells  forming  the  second  membrane  approach  the  surlace  ot 

Fig.  60. 


In  this  fiffure  the  cfHs  woodv fibres,  and  mral  vess^h,  are  delineated,  which  con- 
In  this  figure  '^ne^.^^^^,       ^^J^  ^^^^.^^  ^^^^^  membrane. 

the  seed  they  lose  their  mucilaginous  character,  become  smaller,  and  R 

"Tnfw  tte  Scl  Sin  entire  seed  enclosed  in  its  membrane  be  [, 
examined  several  raised  lines  or  fibres  wiU  be  observed,  commencing  . 
aJ  thS  of  the  seed  attached  to  the  seed-vessel,  spreading  themselves  : 
out  ove7its  svu-face,  and  terminating  at  the  distal  p-^tremi^y  of  the 
s  ed^  Lfe  fibres  a^e  composed  of  spiral  vessels,.which  lie  nnbedded  : 
in  fibres  of  woody  tissue  and  the  cells  above  described  (fig.  50).  . 
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The  second  membraue  forms  the  chief  suhstance  and  thickness  of 
the  husk. 

The  third  membrane,  thin  and  delicate,  consists  of  angular  cells  of 
small  size,  the  cavities  of  which  contain  minute  globules  of  fat :  in 
removing  the  outer  timics  this  membrane  sometimes  comes  away  in 
]^art  with  them,  but  in  general  the  gTeater  portion  adheres  to  the  sur- 
face of  the  seed.  This  membrane  covers  not  only  the  outer  sm-face  of 
the  lobes  of  the  seed,  but  also  dips  down  between  them,  and  furnishea 

Fig.  51, 


f  ^f'V'^  structures  above  noticed  are  delineated,  a,  third 
tumc-  b,  rounded  cells,  derived  from  the  second  membrane,  lying  upon  the 
fourth  membrane,  and  situated  at  the  lines  of  junction  of  the  lobe  ;  c  7ou,  th 

7a^"Zlt'^^f7'''\Y'f''"'''''"^  mounded  masses  0/ crystalline 

JMty  matter;  ff,cnjstalso/ margarine. 

each  of  the  opposite  sides  with  a  covering ;  it  is  most  evident,  however 
P^l.  V.  f  ^''^^^  probable,  notwithstanding,  it  may  be 

!o„o  ^  1  a  separate  timic;  that  it  is,  strictly  speaking,  not  to  be 
regarded  as  a  distinct  structure  ;  but  that  it  really  Longs  to  the  seed' 
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since  on  removing  it  cells  belonging  to  the  substance  of  the  seed  fre- 
quently come  away  with  it ;  the  colourless  cells  constituting  it  being 
evidently  gradually  transformed  into  the  coloured  ones  of  the  seed 
itself.  To  each  seed-lobe,  therefore,  according  to  the  above  description, 
there  is  a  distinct  membrane. 

Situated  in  the  interspaces  of  the  lobes  is  a  fourth  structure,  at- 
tached externally  to  the  second  membrane,  the  cells  forming  which 
pass  down  upon  it  for  a  short  distance ;  although  clear  and  tiunsparent, 
it  exhibits  a  tibrous  structme,  and  on  its  sm-face  a  considerable  number 
of  small  crystals  are  always  to  be  seen,  as  well  as  many  elongated 
bodies,  rounded  at  either  extremity,  and  divided  into  several  compart- 


rig.  52. 


This  figure  represents  the  cells  which  form  the  kernel  of  the  seed.  In  A.  the  cells 
and  contained  starch  corpuscles  are  magnified  220  diameters  ;  and  m  5,  oOU 
diameters. 

ments  or  cells,  and  which  do  not  appear  to  be  attached  to  the  mem- 
brane on  which  they  lie.  From  their  curious  appearance,  and  the 
absence  of  connexion  with  any  of  the  other  structiu-es  of  the  cocoa- 
seed  the  observer  is  led  to  suspect  that  they  are  extraneous  and  pro- 
bably fungoid  growths.  We  have  detected  them  m  every  sample  ol 
cocoa-seed  submitted  to  examination  (fig.  51). 

We  have  now  completed  the  description  of  the  several  structiues 
which  enter  into  the  composition  of  the  husk  of  cocoa. 
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The  seed,  deprived  of  its  husk,  is  seen  to  he  composed  of  several 
lohes,  angular  iu  form,  and  irregidar  in  size  and  shape ;  under  pressure 
these  readily  separate  from  each  other,  and  the  seed  breaks  up  into' 
pieces,  which  ai-e  known  as  '  nibs.' 

The  lobes  are  constituted  of  innumerable  minute  cells,  of  a  rounded 
form,  the  cavities  of  which  are  tilled  with  starch  corpuscles  and  fattv 
matter  (fig.  52).  ^ 

On  the  surface  of  the  seed  these  cells  are  rendered  angular  by  com- 
pression, and  are  usuaUy  of  a  deep-red  colom-:  the  tint,  however, 
varies  greatly  ;  they  are  Irequently,  in  parts,  spotted  with  purple,  and 
even  deep  blue. 

Fig.  53. 


^ir^fl";^^  nntv  ^^fi^r^T*  ^'^^  ^s^mvle  of  Geniote  Trinidad  Cocoa. 
tLl^  of  thTJp.rl  H^^f  '"^"e./ormf„9  the  husk  of  cocoa  are  absent,  and  thai 
inose  or  the  seed  itself  are  much  broken  up,  many  of  the  cells  beiiis?  rnnturpr^ 

uZl'f'y!^'  '"r^f^P"  ^^^^'^  co^uscles  and  fft  p3™?m^^^^^^^ 

mrane       ^nl^f  '''"f  a  a,  cells  of  the  kernel  of  cocoa ;  6  6, 

S-TJoo^e'^Trc^^^^^^^  ^"'^'^^  of 

roumlp?/^^  contains  many  starch  corpuscles,  small  in  size,  of  a 
Sum  '  '-''^  ""^"^         ^'''^''^  ^-^diate,  or  stellate 

Placed  at  one  extremity  of  the  seed  is  the  emhryo  ;  this  consists  of 
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cellular  tissue,  the  cells  or  meshes  of  which  enclose  numerous  starch 
mranules  and  spherules  of  oil. 

Now  in  the  more  carefully  prepared  cocoas,  the  whole  ot  the 
structures  represented  in  figs.  48,  49,  50,  and  51  are  absent,  and  those 
delineated  in  fig.  52,  and  especially  53,  only  are  met  with:  lu  some 
cases  the  embryo  even  is  removed ;  but  this,  since  it  forms  so  incon- 
siderable a  part  of  the  entire  seed,  and  contains,  moreover,  starch  and 
fat,  appears  to  be  aknost  an  over-refinement. 


Fig.  54. 


Exhibits  the  structures  present  in  a  sample  of  Flaked  Cocoa  which  usually 
rmitams  both  seed  and  husk,  a  a,  tubular  fibres  ou  surface  ;  6  6,  second  mem- 
brane of  husk  cc  spiral  vessels  ;  dd,  cells  of  kernel ;  e  membrane  covering 
iXes  ; "ssue  of  embryo  ;  g  g,  free  masses  of  starch  granules  ;  h  h,  loose 
starch  corpuscles. 

THE  PKOPEETIES  OF  COCOA. 

Cocoa  may  be  considered  under  t%vo  heads  ;  as  regards  its  action  on 
the  nervous  and  vascular  systems,  and  as  a  direct  nutritive 

The  physiological  properties  of  the  aromatic  oil  of  cocoa  and  ol  t  le 
theobTomZlve  probably  similar  to  those  of  the  corresponding  consti- 
tuents  of  tea  and  coffee. 
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The  special  actions  of  the  volatile  oils  of  tea  and  cocoa  have  not 
yet  heen  scientifically  investigated ;  those  only  of  the  oil  of  colfee  have 
hitherto  heen  made  the  subject  of  experiment ;  but  from  analogy 
there  is  good  reason  for  supposing  that  all  these  oils,  which  so  closely 
resemble  each  other  in  their  physical  properties,  agi'ee  also  in  all  essen- 
tial particidars  in  their  physiological  actions. 

The  volatile  oil  of  coffee,  taken  in  moderate  quantities,  as  already 
stated,  produces  a  gentle  excitement  of  the  nervous  and  vascular 
systems,  retards  the  waste  of  the  tissues,  as  does  also  caffeine,  and  hence 
allays  hunger. 

The  caffeine  of  coffee  and  of  tea,  retarding  the  waste  of  the  tissues, 
is  hence  indirectly  nuti-itive,  the  quantity  of  urea,  phosphoric  acid, 
and  salt  in  the  urine  being  diminished. 

As  a  nutritive,  cocoa  stands  very  much  higher  than  either  coffee  or 
tea,  in  consequence  of  the  large  quantities  of  fat,  starch,  and  gluten 
contained  in  it. 

It  is  true  that  tea  contains  a  larger  proportion  of  gluten  than 
cocoa,  but  most  of  this  gluten,  owing  to  the  manner  in  which  the 
infusion  is  prepared  and  drunk,  remains  in  the  leaves,  and  the  benefit 
of  it  is  of  course  lost  to  the  system.  Again,  tea  does  not  contain 
butter  or  starch.  In  the  case  of  cocoa,  an  emulsion  of  the  seed  is  made, 
and  in  this  way  all  the  active  and  nutritious  constituents  of  the  article 
are  consiuned.  Owing  to  the  large  quantity  of  oily  matter  present, 
cocoa  is  fattening,  but  is  apt  to  disagree  with  some  delicate  stomachs. 

THE  ABTJLTEEATIONS  OF  COCOA. 

The  roasted  beans  or  seeds  of  cocoa,  when  ground  and  reduced  to 
paste,  constitute  flake  or  rock  cocoa,  which  consists,  luhen  it  is  genuine, 
of  nothing  hut  cocoa. 

Other  names  under  which  cocoa  is  sold  in  this  country  are  granu- 
lated, soluble,  dietetic,  homoeopathic,  &c. 

Now  there  is  nothing  in  these  names  to  indicate  that  the  articles  in 
question  are  anything  more  than  varieties  of  cocoa,  or  to  show,  what 
is  too  frequently  the  case,  that  they  are  compounds  of  sugar,  starch, 
cocoa,  and  oftentimes  other  substances. 

The  practice  of  calling  these  mixed  articles  cocoa  is  manifestly  as 
improper  and  deceptive  as  it  is  to  call  the  com2Jound  of  coffee  and 
chicory,  Patent  Compressed  Ooflee,  Finest  Old  Turkey  Coffee,  &c. 

An  article  should  be  sold  for  what  it  really  is,  and  under  its  own 
name ;  if  it  be  right  to  sell  these  mixtures  at  all,  they  should  be  sold 
as  the  law  now  compels  chicory  and  coffee  to  be  sold,  and  should  be 
labelled  as  mi:^ture8.  Further,  the  proportions  of  the  several  ingredients 
entering  into  the  composition  of  the  mixed  article  should  be  stated  on 
the  wrappers. 

The  French  and  other  continental  manufacturers  of  cocoa  adopt  a 
more  straightforward  and  proper  course :  they  never  call  their  com- 
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pound  and  manufactured  articles  cocoa,  but  chocolate ;  thus  they  even 
denominate  the  cakes  which  they  prepare,  and  whicli  contain  nothing 
but  cocoa,  '  chocolat  sans  sucre,'  although  with  strict  propriety,  they 
might  iu  this  case  have  used  the  word  cocoa. 

The  cocoa,  then,  of  the  Englisli  makers  in  general  is  not  cocoa  at 
all ;  whenever,  therefore,  the  word  cocoa,  to  which  an  adjective  of 
indefinite  signification  is  prefixed,  is  employed  to  designate  an  article 
which  is  not  pure  or  genvune  cocoa,  that  article  ought  to  he  considered 
as  adulterated. 

The  worlis  of  Accum,  Brande,  Ure,  and  Pereira  contain  but  little 
information  respecting  the  adulteration  of  cocoa ;  the  only  English 
wTiters  who  have  ti-eated  of  it  at  all  fully  being  Mitchell  and  Nor- 
mandy. 

The  first  of  these  authors,  Mitchell,  has  the  following  observations 
on  the  subject: — 

'Chocolate  is  adulterated  with  flour,  potato  starch,  and  sugar, 
together  with  cocoa-nut  oil,  lard,  or  even  tallow.  Even  the  so-called 
finest  chocolate  is  made  up  with  clarified  mutton  suet  and  common 
sugar,  together  %vith  ordinary  cocoa. 

"  '  If  in  brealring  chocolate  it  is  gravelly — if  it  melt  in  the  mouth 
without  leaving  a  cool,  refi-eshing  taste — if  it,  on  the  addition  of  hot 
water,  becomes  thick  and  pasty — and,  lastly,  if  it  form  a  gelatinous 
mass  on  cooling,  it  is  adulterated  with  starch  and  such-Kke  sub- 
stances. 

'  Where  earthy  and  other  solid  substances  are  deposited  fi-om 
chocolate  mixed  with  water,  -either  the  beans  have  not  been  well 
cleansed,  inferior  sugar  has  beeu  employed,  or  mineral  substances  have 
been  added  to  it,  either  for  the  purpose  of  colouring  or  of  increasing  its 
weight. 

'  Moreover,  when  chocolate  has  a  kind  of  cheesy  taste,  animal  fat 
has  been  added ;  and  when  veiy  rancid,  either  vegetable  oil,  or  even  the 
seeds  themselves,  have  been  employed  in  the  sophistication. 

'  The  mineral  substances  employed  in  the  malting  up  of  chocolate 
are  some  of  the  ochres,  both  red  and  yellow,  together  with  minium 
(red  lead),  vermilion,  sulphate  of  lime,  chalk,  &c.  Chocolates  so  adul- 
terated, more  especially  with  the  preparations  of  lead,  are  highly  in- 
jurious; it  is,  however,  only  the  inferior  chocolates  that  are  thus 

adulterated.'  ,    j.  n  • 

From  the  work  of  Normandy  we  extract  the  following  remarks : — 
'  Unfortunately,  however,  many  of  the  preparations  of  the  cocoa-nut 
sold  under  the  names  of  chocolate,  of  cocoa  flalces,  and  of  chocokte 
powder,  consist  of  a  most  disgusting  mixture  of  bad  or  musty  cocoa- 
nuts,  with  their  shells,  coarse  sugar  of  the  verj'  lowest  quality,  ground 
with  potato  starch,  old  sea-biscuits,  coarse  branny  flour,  animal  fat 
(generally  tallow,  or  even  greaves).  I  have  known  cocoa  powder  made 
of  potato  starch,  moistened  with  a  decoction  of  cocoa-nut  shells,  and 
sweetened  with  treacle  ;  chocolate  made  of  the  same  matenals,  with 
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the  additions  of  tallow  and  of  ochre.  I  have  also  met  with  chocolate 
in  which  brick-dust  or  red  ochre  had  been  introduced  to  the  extent 
ot  12  per  cent. ;  another  eample  contained  22  per  cent,  of  peroxide 
of  iron,  the  rest  being  starch,  cocoa-nuts  with  their  shells,  and 
tallow.  Messra.  Jules  Garnier  and  Harel  assert  that  cinnabar  and 
red  lead  have  been  found  in  certain  samples  of  chocolate,  and  that 
senous  accidents  had  been  caused  by  that  diabolical  adulteration 
benuine  chocolate  is  of  a  dark  brown  colom- ;  that  which  has  been 
adultemted  is  generally  redder,  though  this  brighter  hue  is  sometimes 
given  to  excellent  chocolate,  especially  in  Spain,  by  means  of  a  little 
annatto  This  addition  is  unobjectionable,  provided  the  annatto  is  pure 
which,  however,  is  not  always  the  case.'  ' 

Do  Sugar  and  Starch  render  Cocoa  Soluble  ? 

In  defence  of  the  practice  of  selling  sugar,  flour,  and  cocoa  under 
the  name  of  cocoa,  it  is  aUeged  that  these  articles  render  the  cocoa 
more  soluble  and  more  digestible  than  it  would  be  alone.  In  reference 
to  these  statements  the  following  considerations  present  themselves 

WJien  a  cup  of  cocoa  is  made  by  pouring  hot  water  upon  it  the 
sugar  of  course  disso  ves,as  when  added  to  tea  m-  coflee:  butVe7war 
certainly  has  no  eftect  whatever  in  maMng  the  cocoa  more  sofible 

iTfThi  JT^^'i  consmneratall  events  might  be  left  to  add 

It  lor  himself  as  he  does  to  his  tea  or  coflee.  The  starch  or  farina 
usuaUy  added  to  cocoa,  when  boiling  water  is  pom-ed  upon  it,  for™ 

T  ^'^7'  0%  PartiaUy  cooked,  and  more  or  less^hick.  This 
sm-ves  to  entangle  the  particles  of  cocoa-oil,  and  to  prevent  them 
from  ascending  to  the  sm-face,  and  collecting  there  in  droplets  In 
a  cup  of  copoa,  therefore,  for  an  equal  quantity  of  cocoa,  theK  ins; 
as  much  oil  as  though  no  starch  were  present,  although,  it  is  tiue 
"ir'"?  y^^"^-    So        ^-om  r^nderinl  cocoa  nioi-e 

rill  1  ^''""^  ""f^  imperfectly  cooked  by  the  boSw 

sw^' .  1?-I  Of  ^o^^^^  tlie  more  sugar  aS 

starch  added  to  the  cocoa,.the  less  cocoa  there  is  in  the  mixture  and 

le^s  of  "^'^rlythe  same  end  would  be  obtained  by  usIS. 

ess  of  genuine  cocoa.    Moreover,  starch  in  the  proportion  of  abTut 
12  per  cent,  is  one  of  the  natural  constituents  of' the  cocoa  bean 
starch  ff^t        ^  gr^ritB^,  merely  for  the  sake  of  argument,  that  the 
mTnt  b„i  it^"'  of  the  question)  is  really  an  improv^! 

t^T.^!       vT  '°  '°  ^^'^t^^^  proportions ;  yet  when  we  come 

S  Feparations  of  cocoa  we  find  that  the  propoS 

m  ent  '""^  ^  '"i^^  P^''  ^i*^^  the  sugar  horn  8^0  to  90 

sSute  i^       '"^'f  Buch  large  additions  as  these  cannot  possibly  con- 

wTe^nThr^^^^^^ 

m^^^^^  ^^""^^  additions  of  starch  and  sugar  are  not  imnrove 

ments,  anybody  may  satisfy  himself  by  contrastinf  the  smell  and  talte" 
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of  a  cup  of  cocoa  made  from  genuine  flake  or  rock  cocoa,  and  one  made 
from  tlie  ordinary  mixed  article. 

Nevertheless,  we  do  not  go  the  length  of  stating  that  such  mixtures 
ought  not  to  be  permitted ;  but  we  are  of  opinion  that  they  should 
be  sold  as  mixtures,  and  the  proportions  of  the  ingredients  stated  on  the 
wrapper. 

Kinds  of  starch  emplot/ed. — Nearly  every  kind  of  flour  and  starch, 
especially  such  as  are  inexpensive,  is  added  to  cocoa.  In  the  cheaper 
descriptions  of  cocoa  tvheat  Jlour,  potato  starch,  and  sayo  meal  are 
chiefly  used,  as  well  as  mixtures  of  them  in  diflerent  proportions ;  one 
dealer  giving  the  preference  to  one  kind  of  starch  or  mixture,  another 
to  another  Irind.  In  some  of  the  more  expejisive  cocoas  East  Indian 
arroiuroot  and  Tous  les  mois,  or  mixtm-es  of  these  with  the  cheaper 
starches,  are  employed. 

Quality  of  mgar  employed.— Tue  quality  of  the  sugar  used  varies 
from  white  lump  to  the  inferior  descriptions  of  brown  and  treacly 
sugar. 

Adulteration  ivith  animal  fat.— No^v  the  excessive  reduction  of 
cocoa  by  means  of  sugar  and  starch  sometimes  renders  the  employment 
of  animal  fat  necessary  to  give  it  a  richer  character. 

The  real  secret  of  the  almost  constant  use  of  starch  and  sugar  is  to 
be  found  in  the  cheapness  of  these  articles,  and  not  in  any  advantages 
supposed  to  be  derived  from  their  admixture  with  cocoa ;  this  we  shall 
now  proceed  to  show. 

Genuine  cocoa,  in  the  form  of  flake,  rock,  or  roll,  is  sold  at  about 
Is.  6d.  per  pound ;  wheat  flour  may  be  pm-chased  at  1  ^d.,  potato  flour  and 
sago  meal  at  about  3d.  or  4d.  per  pound  ;  sugar  at  from  Sd.  to  5d.  per 
pound.  The  mixtures  of  cocoa,  starch,  and  sugar  are  sold  at  from  6d. 
to  2s.  8d.  per  poimd.  Let  the  reader  compare  these  prices  with  the 
cost  of  wheat  and  potato  flom-s,  and  he  will  then  perceive  what  a  field 
for  imposition  and  extortion  the  admixture  of  these  substances  with 

cocoa  afibrds.  _  .         .     i         xi  j 

Setting  aside,  however,  the  question  of  price,  and  whether  the  ad- 
mixture of  starch  with  cocoa  is  attended  with  any  advantages  or  not. 
on  the  same  principle  as  we  objected  to  the  calling  of  the  mixture  i  ' 
chicory  and  cofiee— coffee,  we  also  object  to  designating  a  compound  .  i 
starch,  sugar,  and  cocoa  by  the  name  of  the  latter  only,  no  adJectl^ 
being  prefixed  to  the  word  cocoa,  indicating  the  presence  m  the  artic 
of  any  other  substances.  ^  ^■ 

Adulteration  icith  chicory.— But  there  are  other  adulterations  oi 
cocoa  sometimes  practised,  but  which  have  not  yet  been  referred  to, 
viz  ,  those  with  chico/y  and  the  MisJc  of  cocoa.  _ 

The  cocoa  beans  are  sometimes  coarsely  broken  up  mto  nibs,  and 
are  sold  in  this  state ;  now  these  nibs  are  frequently  adulterated  with 
roasted  chicory  root.  .  .  e 

Adulteration  with  husk  of  cocoa.— K^&m,  genuine  cocoa  of  good 
quality  ought  not  to  contain  any  of  the  husk,  which,  as  has  been 
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shown,  forms  about  13  per  cent,  of  the  seeds,  and'  which  is  ahnost 
destitute  of  active  and  nutritious  principles. 

Ne\  ei-the]ess  the  husk  is  almost  constantly  present  in  the  cheaper 
cocoas  of  British  fabrication :  the  French  malcers  rarely  malce  use  of 
the  husk,  but  sell  it  at  about  3d.  per  lb. 

There  is  good  evidence  to  show  that  in  some  cases  the  fraoments 
of  husk  prove  irritating  to  the  intestines  and  occasion  diarrhoea" 

Johnston  states :  '  This  husk  is  usually  ground  up  with  the  oi^inai-v 
cocoas,  but  It  IS  always  separated  in  the  manufactiu'e  of  the  purer 
chocolates.  Hence,  in  the  chocolate  manufactories  it  accumulates  iu 
large  quautities,  which  are  imported  into  this  country  from  Trieste 
and  other  Italian  ports  under  the  name  of  "miserable."  Hero  the 
husk  IS  partly  ground  up  in  the  inferior  cocoas,  and  is  partly  de- 
spatched to  Ireland.'  ^'     j  "-^^ 

Mr.  George  Phillips,  in  e^^dence  before  the  Parliamentary  Com- 
mittee on  Adulteration,  m  1855,  stated:— 'In  one  case,  where  I  suc- 
ceeded in  gettmg  the  proportions,  from  a  manufacturer,  of  what  he 
called  his  best  so  uble  cocoa  there  were,  in  his  own  languao-e,  cocoa 
42  lump  42  white  and  red  52.  The-  cocoa  represents  the  nut, 
the  lump  the  sugar,  and  the  white  is.  starch;  the  red  o^ide 
of  iron  to  colour  it  The  percentage  of  cocoa  in  that  sample  would 
be  30  per  cent.,  and  that  wa^  stated  by  the  manufacturer  to  be  his  best 
soluble  cocoa:  If  that  was  his  best  cocoa,  what,  we  wonder,  was  the 
composition  of  his  worst  ?  c  ,  wdb  me 

The  adulteration  zvith  Venetian  red  and  other  ferruginous  earths  — 
-Venetian  red  and  other  ferruginous  earths  have  been  long  employed 
m  the  adulteration  of  cocoa  m  order  to  restore  the  colom-  reduced"  bv 
addteration  with  large  quautities  of  starch  and  su-ar.  As  we  have 
seen  MitcheU,  Noi-mandy  and  Phillips  aU  refer  to  this  practice,  and 
emplo™  ^'^^'^  sometimes 

It  shoiild  be  known  that  Venetian  red  and  other  ferruginous  earths  • 
are  sometimes  contaminated  with  arsenic. 

usecUnllrnt  H  '"If  ^^*f TWs  substance  has  been  occasionally 
used  in  the  adulteration  of  cocoa,  as  also  sulphate  of  lime  or  gypsum 
A^^^hough  fonnerly  employed,  especially  the  chalk,  it  is  rare  to^mSt 
'  mth  either  of  them  m  the  present  day. 

Results  of  the  Examination  of  Samples. 

We  will  now  state  the  results  derived  from  the  examination,  chemical 
and  mu,-oscopu:al,of  a  large  number  of  samples  of  cocoa  of  SZt 
^omeyrslbS.  '^^'"^  "^^'^^^      t^e  metropolis,  andtade 

.werii'  '""^^         examination  of  fifty-four  samples  of  various  kinds 

That  eight  samples  were  genvdne,  these  being>7ae  and  rock  cocoaB  • 

p  ' 
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that  is,  'tliey  contained  no  sugar  or  starch,  hut  consisted  entirely  of 

"""'That  sutjar  was  present  in  forty-three  samples, tjie  amount  forming 
from  o  to  as  much  as,  in  some  cases,  5()_per  ceut.  ot  the  article. 

That  starch  was  detected  in  fort^'-six  of  the  so-called  cocoas,  the 
•{imouut  likewise  varying  from  5  to  50  per  cent. 

To  such  an  extent  did  some  of  the  samples  consist  of  su..ar  and 
starch,  that  they  contained  only  sufficient  cocoa  to  impart  some  degree 

°'  LX,1bltS  of  I'xty-eight  samples  of  cocoa  and  chocolate  the 
of  which  were  suhmitted  to  examination,  thirty-nme  contained 
coloured  earthy  suhstances,  as  reddle,  Venctwn  red,  umber,  &c 

When  it  is  remembered  that  the  relative  prices  of  wheat  flour, 
potato  starch,  and  sago,  meal,  also  of  sugar,  -peeia  b^^^^^^ 
tear  so  small  a  proportion  to  that  of  the  cocoa  itself,  it  will  leacliiy 
undeLtood  how  great  is  the  inducement  to  suhstitute  these  articles  for 

cocoa  an  ^  ''''''  ^^^^  -''""^l' 

•rega?d\ooiu- digestive  organs' that 'they  are  added  to  cocoa  m  such 

la?p^  ^rantities  .aulteration  of  cocoa  is  carried  may  be 

iudid  oTbv  the  fact  that  the  price  at  which  Some  of  the  inferior  cocoa 
•Sixtoes  aJe  sold  is  much  less  than  that  at  which  genuine  cocoa  can 

^^'w  m-oceedino-  to  point  out  the  methods  by  which  the  various 
adufte^^t^roTco^^^^^^  ma'y  be  discovered,  a  few  remarks  may  be  made 
on  chocolate. 

CHOCOLATE. 

TTnlike  cocoa,  cliocolate  is,  as  is  well  Imown,  a  manufactmed  article ; 
theFSi  pai^cularly  excel  in  its  preparation,  maknng  a  variety  of 

-irt;:  c^  =  S^S^ ^a.  ^d  «  kinds 
and  mixtoes  of  starch;  in  the  better  descriptions  of  chocolate,  Ma- 

Jl^Stg  SSld  scent,  vanilla  and  cinnamon  are  chiefly 
''''occasionally  a  medicinal  chocolate  is  pi^pared  with  B^leP,  a  fecula 

same  composition  as  the  first. 
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....T^-^^'^i"  w'"^*^      P^''  ^  Of  wheat  floiir  and 

potato  starch,  but  no  sugar. 

The  contained  14  per  cent,  of  sugar  and  16  of  potato  flour 

The  s<?ye«^A  consisted  of  14  per  cent,  of  sago  meal,  with  a  Uttle 
sugar,  the  remainder  being  cocoa.  ' 

^of^^tif'^'^''''  of  a  mixture  of  cocoa  and  sugar  made  into  a  paste  with 

the  Iame'°"'^''''*^°°  °^  ^^^^P^^^  nearly 

The  sample  was  made  up  of  a  mixtm-e  of  suo-ar,  potato  flour 

sago  meal,  water,  and  cocoa.    The  sugar  and  water  fomk^  42  parts  of 

t^T  lrtMe  '''"  P"'*^'  formed  Ctban 

Besides  the  above  ingredients,  several  of  the  chocolates  contained 

«-/o«r..//«r,^5r,«o.«.«r^/«.    Generally  the  proportion  of  starch  was 

much  less  than  in  some  of  the  cocoas  examined 

Chocolate  bemg  a  compound  article,  no  valid  obiection  ran  bp 

.  iSFtF  -  ^^^^^^^ 

ON  THE  DETECTTOK  OP  THE  AiraTERATIOlfS  OF  COCOA 

•asudVar^not  free  l^Tf^.  ^ ^^^^''^  B'^'^'^^^-  °f  '^oS 
the  coL,  orelse  Tn  Itfbutter  ^^"^  °f 

P  2 
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with  starch  was  by  iodine,  which  of  com-se  gives,  if  properly  employed, 
indicatious  of  the  presence  of  feciila  in  every  case  ;  and  not  a  word 
was  even  hinted  respecting  the  employment  of  the  only  means  hy 
which  the  ditierent  starches  used  could  be  identified— namely,  the  mi- 
croscope—until we  ourselves  pointed  out  the  importance  of  the  use  oi 
this  instrument  in  all  such  cases.  _  -i   i     j  xv. 

The  characters  of  wheat  flour  will  be  minutely  described  under  the 
head  of  '  Flour ; '  but  they  have  abeady  been  briefly  noticed  and  repre- 


SUPEBlOn  SOLtTBLB  COCOA. 

o  a  a,  starch  corpuscles,  ceUs,  and  spiral  vessels  of  cocoa  ;  5  6  6,  granules  o£ 
potato  flour. 

sented  when  describing  the  adulterations  of  chicory  and  coffee  (figs. 

Thelaracters  of  potato  flour  wiU  described  und^  the  head  of 
arrowroot.  It  may  be  stated  now  that  they  are  of  large  size,  ovate 
^rrTplainly  ringed,  and  with  a  veiy  distinct  hilum  at  the  smaUer 
eXmity  of  each  granule.    They  are  weU  represented  in  fig.  55. 

'  The  characters'of  .«<70  meal  will  also  ^^^^^^l^tZi  t^^i 
'  Sago.'  The  granules,  although  smaUer  than  those  of  potato  are 
yei -of  consider&e  size;  but  they  are  easily  distmgmshed  by  beu.g 
truncate  at  one  extremity,  as  represented  in  hg.  Ob. 
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In  fig.  57  the  starch  granules  of  potato  fiour  and  sago  meal  are 
delineated :  it  will  be  seen  that  the  differences  are  verj^  considerable 
and  ob^aous. 

The  starch  gi-anules  of  Indian  corn  are  of  about  the  size  of  those  of 
wheat  floiu- :  but  the  gi-eater  number  of  them  are  polygonal,  and  hence 
they  exhibit  a  more  or  less  angular  outline.    See  article  '  Flour.' 


Fig.  56. 


Pure  Homceopathio  Cocoa. 
a  a  a,  starch  grantUes,  cells,  and  fra^ents  of  cocoa  ;  hhb,  granules  of  sago 

meal. 

The  characters  of  the  starch  granules  of  Maranta  or  West  Indian, 
Curcuma  or  East  Indian,  Tapioca  or  Manihot  arrowroot,  and  of  Tous 
les  mois,  will  be  found  fully  detailed  in  the  article '  Arrowroot.' 

The  granules  of  East  Indian  arrowroot  are  very  flat ;  the  strias  upon 
them  describe  segments  or  portions  of  rings  only;  and  the  central- 
cavity  is  not  visible. 

The  starch  gi-anules  of  West  Indian  arroivroot  are  of  nearlv  the 
same  size  as  those  of  sago  starch.  They  differ,  however,  in  not  being 
muller-shaped,  and  in  the  slit  Mlum  which  rims  transversely  across 
the  granule. 

Those  of  Tapioca  arrowroot  are,  like  the  starch  granules  of  sago, 
muller-shaped,  but  they  are  several  times  smaller. 
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Lastly,  the  starcli  granules  of  Tous  les  mots  differ  from  all  tlie  others 
in  being-  very  much  larger  ;  they  are  flat,  -with  strongly-marked  striae, 
-which  describe  segments  of  cii-cles  only,  and  they  present  a  small  but 
-well-marked  central  hilimi  (fig.  58). 

On  the  detection  and  estimation  of  starch  by  chemical  means. — 
The  detection  of  starch  in  cocoa  may  be  effected  in  t-wo  -ways :  either 
by  taking  a  minute  quantity  of  the  suspected  cocoa,  difl'using  it  in 
■water,  and  placing  it,  after  the  addition  of  a  small  quantity  of  a  solu- 
tion of  iodine,  under  the  microscope,  -when  the  starch  granules,  whether 


Fig.  57. 


Celebrated  Soluble  Cocoa. 

aaa  irranules  and  cells  of  cocoa ;  6  6  6,  grannies  of  potato  flovr ;  c  c  c,  gi-anules 
'  of  sago  meal. 

natural  or  foreign,  will  be,  of  com-se,  revealed  by  the  blue  colour  of  the 
iodide  of  starch;  or  the  iodine  may  be  added  to  a  decoction  ot  the 
cocoa,  when  the  whole  solution  will  exhibit,  more  or  less  strongly, 
the  characteristic  blue  coloui-.  .      .       ,  ^,     ^    ,  . 

To  eflect  a  quantitative  estimation  of  the  starch,  the  sugai,  which 
is  often  present  together  with  starch  in  adulterated  cocoas,  must  be 
first  removed  by  means  of  cold  water.  A  decoction  of  one  or  two 
grammes  of  the  cocoa  which  has  been  deprived  of  the  sugar  is  made, 


COCOA  AND  ITS  ADULTERATIONS. 


215 


and  allowed  to  cool,  in  order  that  the  fatty  matter  may  hecome  solid 
and  admit  of  being  for  the  most  part  readily  separated.  The  decoc- 
tion is  then  boiled  for  five  or  six  hours  with  a  few  drops  of  sulphm-ic 
acid,  until  all  the  starch  has  become  converted  into  glucose,  which  is 
then  determined  by  means  of  the  copper  solution.  100  parts  of 
glucose  correspond  to  90  parts  of  starch.  ■  Allowance  must,  of 
course,  be  made  for  the  starch  natm-ally  present  in  cocoa,  amounting  to 
about  11  per  cent. 

On  the  detection  and  estimation  of'  sugar. — The  presence  of  sugar 


Fig.  58-, 


SOrCALUED  EOMCEOPATHIC  COOOA, 

a  a  a,  granules  and  cells  of  cocoa  ;  bhb,  gi-anules  of  Canna  starch  or  Tous  les 
mois  ;  c  c,  granules  of  tapioca  starch. 

in  cocoa  may  be  readily  detected  by  the  taste.  To  determine  the 
quantity,  the  following  simple  but  efficient  proceeding  may  be  adopted. 
JJissolve  a  weighed  quantity  of  cocoa  containing  sugar  in  cold  water, 
filter,  and  then  dry  the  residue  in  the  water-bath,  and  weigh  ;  the  water 
IS  to  be  estimated  in  a  second  sample,  and  subtracted  from  the  quan> 
t:ty  first  obtained.  The  difference  will  represent  approximately  the 
percentage  of  sugar,  but  a  deduction  of  about  7  per  cent,  of  the  cocoa 
present  must  be  made  for  the  extraction  of  other  soluble  matters  from 
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the  cocoa  itself,  as  gum,  &c.  The  method  of  detennining  the  sugar 
by  conversion  into  alcohol  and  carbonic  acid  is  not  applicable  to  the 
cocoa  mixtiu-e,  because  of  the  starch  present ;  but  the  sugar  may  be 
dissolved  out  by  means  of  water  converted  into  glucose,  by  boiling 
with  dilute  sulphuric  acid,  and  then  estimated  by  the  copper  solution 
•in  the  manner  fully  described  under  the  head  of  '  Sugar.' 

On  the  detection  of  foreign  fat  in  cocow.— The  best  and  simplest 
■method  of  proceeding  "is  to  take  from  50  to  60  grammes  of  cocoa,  dry 


Pig.  59. 


So-called  Genltne  TlNADTJLTEnATED  Chocolate. 
nan  starch  eramiles  and  cells  of  cocoa  ;  bbb,  granules  of  tapioca  slarch  ;  c  cj, 
VaValarr"     a,  Indian  co,.i  meal ;   e  e,  potato  starch;  //,  Cvrcuma 
arrowroot. 

in  the  water-bath,  and  remove  the  fat  by  means  of  ether;  evaporate 
tie  ethLal  solution,  when  the  fat  will  be  obtained  m  a  pure  state ; 
rIotPvmi-Tie  the  meltino-  point  of  this  m  the  manner  described  m  the 
arS  on  tl^aSiStio^n  of  '  Butter.'  Tl  e  fusin.  point  of  pvu.  coc.a 
butter  thus  determined  is  nearly  that  of  ordinary  1^"tt"M^nd  is  3o  0., 

while  the  fusing  points  of  all  animal  fats  likely  ^^^^.^P^^^^^^^^^i^J 
adulteration  of  cocoa  are  many  degrees  higher   /hus  the  ta l  e^^^^^^^^ 
in  the  article  on  '  Butter '  may  be  employed  to  detect  the  adulteration 


COCOA  AND  ITS  ADTTLTERATIONSk 


217 


01  cocoa  witli  animal  fats.  Furthermore,  if  the  fat  thus  separated 
have  a  high  melting  point,  it  will,  imlike  cocoa  butter,  hecome  rancid 
and  tallowy  in  the  coui-se  of  a  few  days. 

On  the  detection  of  mineral  substances. — Of  the  mineral  sub- 
stances employed  in  the  adulteration  of  cocoa,  some  are  used,  as 
abeady  pointed  out,  for  the  sake  of  then-  weight ;  of  these  the  chief 
are  carboriate  of  lime  or  chalk,  and  hydrated  sulphate  of  lime,  especially 
the  former. 

Other  substances  are  employed  for  the  colour  they  impart,  and 
these  are  fi-equently  had  recourse  to  ;  the  principal  are  red  ii'on  earths, 
as  red  ochre,  Venetian  red,  and  umber. 

For  the  detection  of  these  substances  10  grammes  of  the  cocoa 
should  be  incinerated,  and  the  ash  weighed  and  analysed. 

For  the  detection  of  carbonate  of  lime  and  sul2]hate  of  lime  we  must 
proceed  as  described  in  the  article  on  '  Tea.' 

The  ash  of  genuine  cocoa  is  pale  gi'ey:  but  if  any  of  the  red  iron 
earths  be  present,  it  wiU  be  more  or  less  coloured  with  the  red  oxide  of 
iron ;  and  in  order  to  determine  the  quantity  of  this,  the  process  de- 
scribed in  the  articles  on  '  Tea '  and  '  Chicory '  must  be  followed. 

Hed  ochre  consists  of  sesquioxide  of  iron  with  silica,  and  sometimes 
alumina,  clay,  or  even  chalk;  and  Venetian  red,  when  genuine, 
of  the  same  oxide ;  it  is  obtained  by  calcining  copperas  or  sulphate 
of  iron,  but  it  is  often  adulterated,  especially  with  chalk. 

It  should  be  known  that  the  colour  of  the  ash  obtained  by  the 
incineration  of  preparations  of  cocoa,  adulterated  with  red  ocliire,  is 
subject  to  considerable  variation,  dependent  on  the  manner  in  which 
the  incineration  has  been  conducted  ;  whether  in  an  open  or  covered 
crucible,  and  according  to  the  degi-ee  to  which  the  ash  has  been  heated 
and  the  length  of  time  it  has  been  subjected  to  the  heat.  Thus  the 
ash  of  cocoa  so  adulterated  may  be  made  to  assume  different  colours, 
varying  from  dark  brown,  Kght  brown,  fawn,  yeUow,  ferruginous  yellow, 
up  t©  rust-red,  according  to  the  method  of  incineration. 

In  some  of  the  samples  in  which  clay  and  suljjhate  -ef  lime  have 
been  detected,  these  substances  were  not  tised  for  the  sake  of  adding 
buUc  or  weight  to  the  cocoa,  the  quantity  present  being  too  small ;  but 
they  no  doubt  entered  into  the  composition  of  the  earthy  colom-ing 
matters  employed. 

Alumina,  if  present,  may  be  estimated  from  the  soda  or  potash 
solution  used  to  separate  the  alimiiua  from  the  iron  in  the  mamier 
.directed  for  the  determination  of  alum  in  '  Bread.' 

The  follo^^^ng  question,  addressed  to  Mr.  George  Phillips  by  a 
[member  of  the  Parliamentary  Committee  on  Adulteration  in  1855, 
[■with  the  reply  thereto,  will  show  how  admirably  the  Revenue  was 
iprotected,  some  years  since,  by  the  Excise  against  loss  from  the  adul- 
fteration  of  cocoa : — 

Mr.  Kinnaird :  '  Have  you  examined  any  cocoas  ?' 

Reply:  'Though  that  is  under  us,  we  have  not  much  to  do  with 
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it;'  and  tlieu  follows  a  statement  of  the  inability  of  the  Excise  to 
detect  Venetian  red,  or  any  other  ferruginous  earth,  although  this  is 
one  of  the  commonest  of  the  adulterations  to  which  cocoa  is  liable. 

To  show  to  some  extent  the  great  evil  of  the  sale  of  mixed  articles, 
such  as  cocoa,  imaccompauied  by  any  specification,  either  that  they 
are  mixed  articles,  or  as  to  the  proportions  of  the  ingredients  entering 
into  the  composition  of  the  mixture,  the  evidence  of  Mr.  S.  Cadbm-y, 
the  cocoa  manufacturer,  as  given  before  the  Parliamentary  Committee 
of  1S74  on  the  subject  of  the  adulteration  of  food,  may  now  be  quoted  : 
— Q.  Does  the  bulk  of  the  mauufactm-ed  cocoa,  as  supphed  to  the 
British  public,  contain  less  than  one-fomlh  of  the  bean?  A.  Sows 
belie\'e  by  what  is  tested. — Q.  What  are  the  remaining  thi'ee-fom-ths 
composed  of  ?  A.  Of  starch  and  sugar. — Q.  Does  starch  render  the 
compound  thick,  heavy,  and  indigestible  ?  A.  Yes,  so  medical  men 
assert,  and  so  we  believe. — Q.  Is  the  chocolate  manufactm-ed  in  France 
superior  to  that  made  in  this  country  as  a  rule  ?  A.  It  is,  for  this  reason 
• — that  in  France  the  percentage  of  starch  added  has  to  be  stated  on  the 
package  or  on  the  cake.  In  this  countiy  there  is  no  such  law. — Q. 
\^^ould  you  have  a  similar  label  applied  to  the  ai-ticles  in  Ehgland  ? 
A.  We  believe  that  it  would  ultimately  be  to  the  advantage  of  the 
trade,  and  would  be  to  the  advantage  of  the  public. — Q.  But  you 
thinlv  that  simply  saying,  '  This  is  a  compound  mixtm-e  of  cocoa  and 
other  ingredients'  is  not  sufficient  without  stating  some  percentage  ? 
A.  It  is  not  sufficiently  definite.  Some  makers  might  have  only  a  tenth 
part  of  cocoa  in  the  mixture  sold  as  cocoa.  Others  might  have  50  per 
cent,  as  the  law  now  stands. — Q,.  You  would  suggest  that  nothing 
should  be  sold  as  cocoa  except  the  cocoa  bean  or  preparations  made 
without  any  admixture  P  A.  V>^e  believe  that  it  would  be  to  _  the 
benefit  of  the  public  and  of  the  manufactui-er  also. — Q.  And  the  mixed 
article  you  would  call  chocolate  ?  A.  Y'es.— Q.  Would  yoLi  appre- 
hend that  the  cheap  starches  were  more  indi<restible  than  the  better 
sorts  ?  A.  We  believe  that  aU  starch  is  indigestible  without  being 
boiled ;  either  eaten  in  the  form  of  chocolate,  where  starch  is  added,  it 
is  indigestible,  or  taken  in  solution  as  soluble  cocoa,  which  can  be 
prepared  without  being  boiled,  it  is  also  indigestible.— Q.  Could  you 
say  why  starch  is  not  nuti-itious  and  beneficial  to  the  system  ?  A. 
Because  starch  contains  no  nitrogenous  principle,  which  is  the  valuable 
part  of  cocoa,  and  consequently  it  is  not  so  valuable  as  an  article  of 
nutrition.— Q.  If  the  starch  were  left  out  altogether,  could  the  cocoa 
be  manufactured  ?  A.  We  believe  that  it  would  be  a  much  better 
and  more  wholesome  article  without  it.— Q.  We  have  had  a  good 
deal  of  evidence  about  cocoa.  Do  you  yom-self  see  any  difficidty  m 
the  manufactiu-e  of  pure  cocoa  ?  A.  None  at  all.— Q.  Can  it  be  used 
free  from  any  admixture  ?  A.  It  can,  and  it  is  used  very  largely.— 
Q.  If  we  have  had  information  fi-om  other  houses  that  it  was  imprac- 
ticable and  could  not  be  used,  that  would  be  incon-ect  ?  A.  Incorrpct 
entirely.— Q.  And  you  think,  do  you,  that  the  starch  has  no  particular 
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effect  upon  it  as  an  article  of  diet  ?  A.  We  believe  it  has  an  inju- 
rious effect.  It  causes  the  prepared  cocoas  to  which  the  starch  is 
added  often  to  disagree  with  thousands  of  peqple. — Q.  What  is  your 
experience  that  it  is  wholesome  or  unwholes&uie  ?  A.  We  helieve  it 
is  not  wholesome  imless  it  is  boiled,  and  very  much  of  the  cocoa  that 
is  used  is  not  boiled ;  it  simply  has  boiling  water  pom-ed  upon  it. — Q. 
But  boiling  water  poured  upon  the  mixture  of  starch  would  have  the 
same  effect  upon  it,  would  it  not  P  A.  It  does  not  break  the  globules 
of  starch  by  simply  poiu'ing  boiling  water  upon  it.  It  has  to  be  boiled 
to  break  the  globules. — Q.  Do  you  state  that  of  your  Imowledge  ?  A. 
I  take  that  from  an  eminent  chemist  whose  advice  we  took  upon  the 
question. 

Another  witness,  Mr.  Bartlett,  the  analytical  chemist,  was  asked, 
'  What  is  yoiu:  opinion  of  cocoa  ?  '  and  he  replied, '  From  my  inquiries 
and  from  my  analyses  I  am  strongly  of  opinion  that  any  addition  to 
cocoa  is  a  detriment  and  is  an  adidteration ;  that  the  mixed  article  is 
greatly  injm-ed  as  an  article  of  nutriment,  and  that  it  is  also  iujiu-ed  as 
a  matter  of  taste.'  Q.  Do  you  think  that  starch  is  indigestible  unless 
it  is  boiled  ?    A.  Undoubtedly,  highly  indigestible,  imless  it  is  boiled. 

Another  chemical  witness,  Mr.  Wanldvn,  gives  the  following  evi- 
dence. _He  is  asked,  '  Take  cocoa ;  what  is  your  opinion  about  that 
beipg  mixed  ?  '  '  Cocoa  in  an  unprepared  state  would  not  be  a  saleable 
article  in  this  coimtry.  It  requires  to  be  altered  or  to  be  mixed  in  order 
to  make  it  saleable.'  How  is  this  reply  to  be  reconciled  with  the  fact 
that  a  very  large  proportion  of  the  cocoa  now  made  and  sold  is  un- 
mixed and  genuine  ?  Let  the  reader  frirnish  the  answer.  Q,.  Is  it  your 
opinion  that  the  starch  which  is  mixed  with  cocoa  is  indigestible 
unless  it  is  boiled?  A.  No,  I  do  not  think  so.— Q.  You  think  that 
simply  pom-ing  water  upon  it  is  sulEcient  to  make  the  starch  leadily 
digested  ?    A,  It  is  sufficient;,  I  think, 
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CHAPTER  VIII. 
SUGAR  AND  ITS  ADULTERATIONS. 

DEFINITION  OP  ADULTERATION. 

Any  added  substance,  either  vegetable  or  mineral. 

In-  the  present  article  we  have  to  treat  principally  of  Cane  Sugar, 
as  derived  from  the  sugar-cane  and  some  ether  plants  and  trees,  since 
it  is  the  kind  of  sugar  chiefly  employed  for  domestic  purposes.  _  It  is 
necessary,  however,  that  we  should  also  describe  another  variety — 
namely,  Glucose,  which  occurs  mixed  up  more  or  less  with  cane  su^ar, 
and  since  the  latter  is  easily  and  by  natural  causes  converted  into 
the  former. 

The  various  kinds  and  modifications  of  sugar  are,  chemically,  di- 
visible into  fermentable  or  true  sugars,  and  into  nonfennentable  sugars, 
sometimes  termed  saccharoids.  The  first  description  is  further  divisible 
into  two  gi'oups,  to  the  first  of  which  belong  dextrose,  leemdose,  and 
galactose,  all  having  the  formula  CgH,„Og ;  to  the  second,  saccharose  or 
'cane  sugar,  lactose  or  milk  sugar,  and  some  other  varieties  which  it  is 
unnecessary  for  us  to  notice,  and  ha\'ing  the  formula  O12H22O11. 

The  nonfermentable  sugars  include,  amongst  several  others,  sorbite, 
inosite,  and  tnannite.  . 

Dextrose  or  dextroglucose,  C^^JO^.  Ordinary  glucose,  grape,  fi-uit, 
honey,  starch,  and  diabetic  sugars,  all  contain  this  description  of  sugar. 
It  occurs  abimdantly  in  fruits,  often  together  with  cane  sugar,  and 
nearly  always  with  Itevulose.  It  separates  from  its  aqueous  solution 
in  white  opaque  aranular  hemispherical  masses,  having  two  molecules  of 
water  of  crystallization.  But  from  alcohol  of  90  per  cent,  it  crystal- 
lizes in  anhvdrous  microscopic  needle-like  crystals.  It  is  much  less 
soluble  in  cold  water  than  cane  sugar.  In  boilmg  water  it  dissolves 
in  aU  proportions,  forming  a  syi-up  which  has  a  very  sweet  taste.  It 
is  also  less  soluble  than  cane  sugar  in  alcohol.  According  to  Prout 
2-5  parts  of  glucose  sweeten  as  much  as  1  part  of  cane  sugar.  Ittm-ns 
the  plane  of  polarization  to  the  right,  and  hence  its  name. 

Leeoulose  or  Icevoglucose,  CJliaOg,  is  distmguished  fi-om  the  pre- 
vious land  of  susjar  bv  its  turning  the  plane  of  polarization  to  the  ielt. 
The  mixture  of  ijevulose  and  dextrose  in  equal  atomic  proportions  con- 
stitutes inverted  sugar;  it  Is  made  by  the  action  of  acids  on  cane 
sugar,  and  is  Ifevo-rotatorv  at  ordinary  temperatures,  because  the 
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rotatory  power  of  Isevulose  is  greater  than  that  of  the  dextrose  but 
at  higher  temperatm-es  it  becomes  dextro-rotatorv.  Ltevuloae  is  a 
coloui'less,  imcrystallizable  syrup-like  substance ;  it  is  as  sweet  as  cane 
sugar,  exerts  a  piu'gative  action,  and  is  more  soluble  in  alcohol  than 
dextrose. 

Mixtm-es  of  dextrose  and  Ifevulose  in  unequal  quantities  exhibit 
according  to  the  proportions  in  which  they  are  mixed,  dextro  or  Isevo- 
rotation,  as  is  seen  in  the  case  of  honey  and  fruits. 

Galactose  is  obtained  by  the  action  of  dilute  sulphm-ic  acid  upon 
miLk  sugar  ;  it  stands,  therefore,  to  the  latter  in  the  same  relation  as 
does  invert  sugar  to  cane  sugar. 

We  now  come  to  the  second  class  of  fementable  sugars,  including 
especially  saccharose  or  cane  sugar,  and  lactose  or  milk  sugar.  The 
latter  will  be  treated  of  under  the  head  of  '  Milk.' 

Saccharose  or  cane  suc/ar. — This  description  of  sugar  is  veiy  widely 
distributed  throughout  the  vegetable  kingdom,  especially  in  certaiia 
herbs  belonging  to  the  natural  family  Graminacece  or  the  grasses.  Thus 
the  stems  of  the  sugar-cane,  Saccharum  officinarum,  contain  as  much  as 
20  per  cent. :  the  sorgho,  or  Chinese  sugar-cane,  Sorghujii  saccharatum, 
from  9  to  10  per  cent. ;  the  stems  of  maize,  Zea  mays,  from  3-5  to  4  per 
cent,  of  the  juice,  together  with  about  thesame  amount  of  glucose.  Again, 
cane  sugar  is  abimdant  in  certain  roots  belonging  to  the  natm-al  family 
TJmbelUfercB,  as  those  of  the  carrot,  parsnip,  but  particularly  heet.  Beta 
vulgaris,  which  contains  from  7  to  11,  and  even  14  per  cent.  It  occurs 
likewise  in  the  stems  of  certain  species  of  hirch  and  maple,  especially 
the  sugar  maple,  Acer  saccharinum,  which  grows  spontaneously  in  manT 
parts  of  North  America,  including  New  York  and  Pennsylvania ;  and 
of  several  kinds  of  palm,  including  Arenga  saccharifera,  Saguerus 
HuttijjhtifRui  Borassusjlabelliformis  or  the  Pahnyi-a  tree,  Caryot'n  urens 
or  the  kitul  tree  of  Ceylon,  which  furnishes  the  sugar  styled  jaggery, 
and  the  Cocos  nucifei-a  or  cocoa-nut  tree.  ' 

In  most  fruits  saccharose  occm-s  together  with  inverted  sugar,  while 
certa,in  nuts,  as  the  walnut,  hazebiut,  and  almonds,  contain  cane  sugar 
unmixed  with  inverted  sugar.    Honey  likewise  contains  saccharose. 

La.stly,  manna,  derived  from  Tamarix  mannifera,  yields  as  much  as 
50  per  cent,  of  cane  sugar,  26  of  inverted  sugar,  "and  20  of  dextrin. 


PEEPAEATIOIT  OF  8TJGAE. 

From  the  cane. — The  canes,  when  ripe,  are  cut  down,  stripped  of 
their  leaves,  and  the  juice  expressed  by  means  of  rollers.  The  iuice 
thus  obtained  is  heated  in  copper  boilers  to  about  60"  0.,  a  small 
quantity  of  lime  being  added.  The  impurities  rise  to  the  surface  and 
are  removed  as  they  collect.  The  juice  thus  clarified  is  first  concen- 
trated to  about  28°  of  the  hydrometer,  is  filtered  through  cloth  and 
further  evaporated  to  a  thick  symp,  in  which  state  it  is  run  into  shallow 
coolers,  after  which  it  is  poured  into  vessels  pierced  below  with  holes 
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■wliicli  are  stopped  with  plugs.  After  a  time  the  sjTup  is  stiri'ed, 
whereby  the  crystallization  ot  the  sugar  is  promoted,  and  as  soon  as  it 
has  become  solidified  the  plugs  are  removed.  The  uncryatallized  liquid, 
stiU  containing  some  cane  sugar,  with  other  matters,  gradually  flows 
away ;  and  this,  after  a  further  boiling,  is  evaporated  in  order  to  obtain 
another  crop  of  crystals — an  operation  which  is  sometimes  repeated. 
The  final  refuse  constitutes  molasses. 

The  product  thus  obtained  is  called  rmo  or  muscovado  sugar,  and 
still  contains  certain  impm-ities  for  the  removal  of  which  the  process  of 
rcjininq  is  often  resorted  to, 

Formerly  the  operation  of  clayinfj  was  employed  for  the  re- 
moval of  the  molasses  from  the  sugar  loaves,  and  which  is  thus  per- 
formed :  When  the  syrup  in  the  cones  is  properly  granulated,  which 

occurs  in  from  18  to '20  hom-s,  the  plugs  are  removed,  and  each  is 
placed  on  an  earthen  pot  to  receive  the  drainings.  After  24  hours  the 
cones  are  placed  over  other  empty  pots.  The  claying  now  begins.  It 
consists  in  applying  to  the  smooth  sm'face  of  the  base  of  the  in- 
verted cone  a  moist  layer  of  clay  or  tenacious  loam.  The  water  escapes 
from  it  by  slow  filtration,  and  descending  through  the  body  of  the 
sugar  carries  along  with  it  the  molasses  which  still  remain.  This 
operation  is  repeated  by  the  renewal  of  the  clay  a  second,  and  even 
sometimes  a  third,  time,  imtil  the  sugar  becomes  white  and  clean. 
The  suo-ar  is  then  dried,  crushed  into  powder,  and  sent  to  Em'ope. 
Clayed  sugars  are  sorted  into  diflerent  shades  of  colour,  according  to 
the  part  of  the  cone  from  which  they  are  obtained.  Clayed  sugar  of 
Cuba,  which  is  dried  in  the  sun,  is  termed  Havannah  sugar.  Claying 
is  now  but  seldom  resorted  to  in  the  British  West  India  Islands,  aa  it 
increases  greatlv  the  labour. 

Treacle  or  molasses  contains  but  little  cane  sugar,  but  a  very  large 
quantity  of  uncrystallizable  sugar  or  glucose,  which,  since  the  fresh 
cane  iuice  is  almost  entirely  free  from  that  description  of  sugar,  has 
been  derived  entirely  from  the  cane  sugar,  the  transformation  bemg 
aided  especially  by  the  heat  employed  in  the  evaporation  and  concen- 
tration of  the  juice.  Since  molasses  is  far  less  valuable  than  the 
crystaUized  cane  sugar,  it  has  at  all  times  been  the  great  object  of  the 
manufactm-er  to  confine  the  conversion  of  the  cane  sugar  to  as  narrow 
limits  as  possible,  and  various  contrivances  have  been  debased  with 
this  object.  The  greatest  improvement  of  all  in  the  manufacture  ot 
suo-ar  was  the  invention  of  the  vacuum  pan.  _  _ 

"From  beet-root— The  roots  are  fii'st  pulped,  the  juice  being  sepa- 
rated either  by  pressure  after  the  addition  of  20  per  cent,  by  weight  ot 
water,  or  by  washing  with  cold  water;  or,  lastly,  by  the  rotatory 
action  of  a  centrifugal  machine,  the  cylinders  containing  the  luice  being 
perforated  for  its  escape.  The  juice  is  heated  to  68°  C.  by  steam,  which 
is  conveyed  through  it  by  means  of  pipes  ;  milk  of  lime  is  then  added 
in  the  proportion  of  12  lbs.  of  lune  to  1,000  quarts  of  the  jmce,  to 
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neutralize  and  remove  tlie  various  acids  present.  Tlie  mixture  is  now 
heated  to  the  hoiliup-  point,  when  various  impurities  collect  on  the 
siu-face  and  are  separated,  as  albumen,  phosphate  of  lime,  &c.  The 
heating  is  known  to  be  completed  as  soon  as  boiliup;  juice  below  shows 
itself  through  the  crust.  The  juice  is  now  run  off,  a  fiu-ther  quantity- 
being  obtained  by  subjecting  the  residue  coutaiuing  the  impm-ities  to 
pressure.  Through  the  thin  syrup  thus  obtained  carbonic  acid  is  passed 
to  get  rid  of  the  lime,  but  a  small  portion  still  remains  in  combination 
with  sugar.  The  carbonate  of  lime  is  separated  by  subsidence  and 
decantation.  The  juice  is  now  filtered  through  cloth  bags,  concentrated, 
and  finally  filtered  through  animal  charcoal  or  bone-black,  which 
removes  colouring-  matter  and  also  a  further  portion  of  the  sugar-lime, 
and  is  then  evaporated  in  open  pans.  The  syrup,  wliich  has  now 
acquired  gi-eater  Consistency,  is  again  filtered  through  bone-black,  and 
is  evaporated  _m  vacuo  at  a  barometrical  pressure  of  about  22",  till 
it  becomes  thick  enough  to  di'aw  out  into  granular  threads,  when  after 
cooling  and  standing  it  yields  crystals  of  cane  sugar.  The  mother 
liquor,  when  fm-ther  evaporated,  yields  second  and  even  third  crops 
of  crystals  :  finally,  nothing  remains  but  molasses,  as  in  the  case  of 
the  sugar  fi-om_the  sugar-cane.  The  mixtm-e  of  the  successive  crops 
of  crystals  constitutes  raw  beet  sugar. 

From  the  sugar  maple. — The  trees  are  tapped  usually  on  the 
south  face  in  the  early  spring  obliquely  from  18  to  20  inches  above 
the  groimd,  the  holes  being  from  4  to  5  inches  apart;  they  are 
made  to  a  depth  of  half  an  inch  into  the  alburnum  or  white  bark. 
The  juice  is  collected  in  troughs  placed  beneath,  being  conveyed  to 
them_  by  means  of  elder  or  siunach  tubes  which  are  inserted  into  the 
openings.  The  juice  is  boiled  immediately  after  collection  in  order  to 
anticipate  fermentation.  It  is  inspissated  to  the  consistence  of  a  symp, 
is  then  strained  through  a  sieve  filter  of  woollen  cloth,  left  to  stand 
for  some  hours,  is  clarified  with  white  of  egg,  boiled,  the  scum  which 
forms  on  the  smface  removed,  and  the  syrup  evaporated  till  it  is  suf- 
ficiently concentrated  to  crystallize.  This  point  is  ascertained  in  the 
usual  manner— namely,  by  placing  a  di-op  or  two  between  the  thumb 
and  forefinger,  and  drawing  it  out  into  a  thread,  which  should  exhibit 
a  granular  aspect.  It  is  then  received  into  moulds,  and  after  the 
molasses  has  drained  off  the  sugar  resembles  bro^^^l  cane  sugar,  its 
taste  being  equally  sweet  and  agreeable.  The  manufacture  of  this 
description  of  sugar  is  yearly  diminishing,  in  consequence  of  the  rapid 
desti'uction  of  the  American  forests. 

Prepriration  of  r/lucose  from  potatoes. — The  several  Irinds  of  sugar 
hitherto  noticed  are  all  cane  sugars,  and  their  preparation  consists 
simply  in  their  separation  and  purification,  and  there  is  no  instance  of 
the  extraction  of  a  sugar  from  any  vegetable  juice  on  a  large  and 
commercial  scale  belonging  to  the  glucdses ;  formerly,  however,  this 
latter  description  of  sugar  was  prepared  in  enormous  quantities,  chiefly 


224 


SUGAE  AND  ITS  ADULTERATIONS. 


from  tlie  potato,  and  was  used  either  as  a  substitute  for,  or  an  adul- 
terant of,  cane  sugar,  at  tlie  time  when  the  latter  was  much  more  costly 
than  it  is  now.  ~  t 

The  following'  is  an  outline  of  the  process  of  making  sugar  ti-om 
potato  starch  :— loO  gallons  of  hoiling  water  are  mixed  with  112  lbs. 
of  the  fecula  and  2  lbs.  of  strono-  sulphuric  acid.  The  mixture  is 
boiled  for  about  twelve  hours.  When  all  the  starch  is  converted  into 
su"-ar,  the  sulphuric  acid  is  neutralized  with  challc,  the  liquid  filtered  ' 
and  evaporated  to  the  densitv  of  about  I'SOO  at  the  boiling  temperature, 
equal  when  cooled  to  15-5°  C.  to  1-342.  When  the  syi-up  is  left  at  rest 
for  some  days  it  concretes  in  crystalline  tufts,  and  forms  an  apparently 
dry  solid  of' a  specific  gravity  1-39  to  1-40. 

Potato  suoar  may  be  distinguished  from  pm-e  cane  sugar  m  the 
followino-  manner :— Glucose  sugars  fuse  at  105°  0.,  whereas  cane 
suo-ar  melts  onlv  when  heated  to  137°  C,  and  at  this  temperature  it 
immediately  becomes  converted  into  caramel,  whei-eas  glucose  is  un- 
altered at  a  pretty  high  temperatm-e.  _ 

The  specific  gi-avity  of  olucose  is,  as  already  noted,  trom  vdi)  to 
1-40  'while  that  of  cane  and  beet  sugar  is  1'606.  At  1-343  the  syrup 
of  cane  sugar  contains  70  per  cent,  of  sugar  ;  at  the  same  density  syrup 
of  starch  suoar  75'5  per  cent,  when  di'ied  at  126'6°  0.,  and  freed 
fi-om  10  per  c'ent.  of  water,  which  it  retains  m  the  granidar  state,  thus 
aftbrdins  another  distinction  between  the  two  sugars,  but  the  best  test 
of  aU  is'furnished  by  the  copper  solution. 

THE  EEPrNlNG  OF  SUGAR. 

But  bv  the  various  processes  above  described  we  have  niei-ely 
obtained  the  cane  sugar  in  its  raw  or  imrefined  condition.  e  will 
next  describe  vei-v  briefly  the  processes  whereby  it  is  refined. 

'  To  obtain  pure  and  colouriess  crvstals  the  raw  sugar  is  dissolved 
in  about  one-thiid  of  its  weight  of  water,  is  mixed  with  a_  little  miBi 
of  lime,  heated  to  boiling,  nm  off  from  the  impurities  which  separate 
as  a  crust,  filtered  first  through  bags  of  thick  twilled  cotton-cloth,  and 
afterwards,  to  remove  the  colour,  through  bone-black,  the  beds  of  which 
are  sometimes  no  less  than  50  feet  thick,  and  evaporated  m  the  vacumn 
mn  The  liquor  from  the  cotton  filters  has  the  colour  of  dark  sheiTV 
but  as  it  issues  fi-om  the  charcoal  filters  it  is  perfectly  clear  and 

''"^  The  heat  is  now  moderated,  and  to  the  highly  concentrated  syrup 
small  quantities  of  unthickened  juice  are  added,  upon  which  sugar 
r^stals  immediately  form.  To  impart  the  reqmsite  hardness  to  the 
Sals  Sis  applied,  and  the  crystalline  mass  put  into  the  sugar 
moulds  and  left  to  d4in,  the  formation  oi  sma  1  crystals  of  nmform 
Sze  beint  promoted  by  stirring  and  breaking  up  the  cmst  which  forms 
on  the  smface  of  the  moulds.    As  soon  as  the  crystoUizfltion  is  com- 
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plete,  the  apex  of  the  mould  is  opeued  to  allow  the  s^Tup  to  drain  ofF- 
the  last  portion  of  this,  which  still  remains  adherino-  to  the  crystals  is 
removed  by  pourmg'  in  some  pure  syrup,  the  drainage  beino-  sor^ie- 
times  hastened  by  the  production  of  a  vacuum.  ° 

Lastly,  after  desiccation,  the  formation  of  loaf  or  refined  suo-ar  is 
completed. 

Formerly  the  serum  of  bullocks'  blood  was  employed  in  the  pm-ifi 
cation  of  the  syrup,  but  we  believe  that  this  practice  has  lontr  been 
discontinued.  ° 

Crushed  siif/ar.— The  process  for  the  manufacture  of  what  is  known 
by  the  name  of  crushed  sugar  resembles  that  for  loaf  suo-ar  but  the  raw 
sug^ar  employed  is  usually  of  an  inferior  quality.    The  filtration  is  less 
perfect  and  the  process  of  liquoring  is  dispensed  with  where  practicable, 
ihe  first  crystaUizatiou  yields  c?-ushed  sugar,  and  the  second  pieces 
the  drainage  from  which  is  Imown  as  sy>-np.    This,  when  diluted 
filtered  through  animal  charcoal  and  concentrated,  is  called  aoiaen 
syrup.  •' 

_  i¥bZ«5ses.— Jfolasses  is  largely  imported  into  this  country  and 
smce  It  contains  much  crystaUizable  sugar,  it  is  pm-chased'by  re-^ 
finers._  AccoKling  to  Ure  the  treatment"  of  molasses  formerly  was 
very  sunple.  It  was  merely  concentrated  and  allowed  to  stand'  in  laro-& 
moulds  for  several  wee]:s  to  drain.  The  drainages  were  sold  as  treacfe, 
and  the  uupm-e,  soft,  and  dark  sugar  formed  what  is  called  bastards, 
which  IS  chiefly  sold  amongst  the  poorer  classes.  Tlie  more  recent  and 
improved  plan  is,  after  the  dilution  of  the  molasses,  to  filter  throu-h 
animal  charcoal  concentrate  to  the  crystallizing  point,  and  transfer 
to  the  moulds.  In  this  manner  a  bright  yellow  sugar  and  a  very  fair 
quality  of  syi-up  are  obtained,  m  place  of  bastards  and  treacle.  'Good 
molasses  should  yield  about  40  per  cent,  of  sugar,  40  of  syrup,  and  20 
per  cent,  of  water  and  dirt.  j  i-; 


THE  PROPERTIES  OF  CAITE  SUGAR. 


\..^^^^  ™        ^""""^  °^  monoclmic  prisms,  usually  with 

hemihedral  faces  (fig  60).  The  crystals  when  brdcen  become 
phosphorescent,  and  also  when  a  strong  electric  discharge  is  passed 
hrough  them.  This  phenomenon  may  be  well  seen  by  mbbino  two 
m^rt^r  n'T'  ^^'^  pondering  some  su-ar  in  a 

teeth  bJLtirk"'    ^"^  ciystallized  sugar-candy  between  the 

The  crystals  have  a  specific  gravity  of  1-606. 

Oane  sugar  is  soluble  in  one-third  of  its  weight  in  cold  and  still 
more  readily  in  hot,  water.  It  is  insoluble  in  ethe?  and  in  cok  abso S 
alcohol,  while  boiling  alcohol  dissolves  about  1-25  per  cent. ;  burshould 
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the  alcohol  contain  water,  it  dissolves  it  much  more  freely.  Its  aqueous 
solution  turns  the  plane  of  polarisation  to  the  riijht. 

It  melts  at  160°  0.  to  a  clear  liquid,  which  solidifies  into  an  amor- 
phous mass,  of  which  we  have  an  exemplification  in  some  foms  of 

lig,  60. 


Crystals  of  Cane  Sti&ak.  100  diameters. 

quantity  of  cream  of  tartar  to  the  melted  sugar,  m  order  to  destroy  tue 
tions  of  sugar,  is  abbreviated  from  the  Eallmff  and  Bnx 
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Percentage  of  Sugar. 
1 
2 
3 
4 
5 
6 


9 
10 
16 


Table  of  the  Specific  Gravity  of  Solitiinns  of  Cane  Sugar. 


Specific  Gravity. 
1-0035 
1-0070 
I-OIC? 
1-0143 
1-0179 
1-0215 
1-0254 
1-0-291 
1-0328 
1-0367 
1-0600 


Percentage  o£  Sugar. 
20 
25 
30 
35 
40 
45 
60 
55 
60 
66 
70 


Specific  Gravity. 
i  -0830 
1-1056 
1-1293 
1-1538 
1-1781 
1-2043 
1-2322 
1-2602 
1-2882 
1-3160 
1-3430 


Denomposittom.— When  heated  a  little  above  160° 0  cane  suo-ar  is 

ir,r.^;'.V''  1"^'  "  VeHiaOs  +  C,JI,oO„  IseviUosan  bein^  Ifevulose  minua 
one  moleciile  of  water  At  a  higher  temperature  water  is  given  off,  the 
dextrose  bemg  probably  converted  into  glucosan,  which  stands  in  the 
same  relation  to  dextrose  as  teviilosau  to  IfEviilose.  At  about  210°  C 
a  ftu-ther  quantity  of  water  is  given  off,  and  caramel  remains.  At  a 
still  higher  temperature  the  sugars  are  broken  up;  carbonic  oxide 
carhuretted  hydrogen  and  carlonic  anhydride,  certain^  hZn  l,  «cS 

benmcl.  Ihe  oils  contam  a  smaU  quantity  of  furfurol  and  a  bittpr 
substance  termed  «ss«m«?-.  ^     y oi,  ana  a  bitter 

A  few  words  may  now  be  bestowed  on  some  of  the  more  important 
of  the  above  substances.    Thus  caramel,  when  pure,  is  withZ  taste 
verj^  soluble  m  water  but  insoluble  in  alcohol,  itsSque^usIolution  S 
of  a  nch  brown  tint.   The  method  of  obtain  ng  it  in  a  pmS  state  is  b? 
fct  chsso^ving  m  a  very  smaU  quantity  of  water,  and  p^recipTtaW  Z 

S-oA:^tnaK^^^ 

^Z^ZS;:S^££^'  P^obably  consist^s  of  at^: 

Acetone  CgHgO,  is  a  coloiu-less,  very  mobile  liquid  nossesqino- 
an  agreeable  odom;  and  biting  taste,  'it  bJrns  with  a  white  CTand 
has  a  specific  gravity  of  0-792  at  18°  0.  It  is  soluble  in  all  p^oTortions 
^^^^he^ni  is  a  solvent  for  camphortk?  and 
i^liJ^l-  ^^^fyP^:«Pa':ed  by  subjecting  pm-e  acetate  of  l£e  to 
dry  distilla  ion,  when  chemically  pure  acetone  ViU  be  given  off 

suffiil;?   'i^^^t'     ^  colom-less  fluid,  possessing  a  pim^ent 

with  1 part  of  oil  of  vitriol.    Carbonic  acid  is  evolved,  and  aide- 

Q  2 
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hvde  collects  in  the  receiver.  Thus  ohtained  it  is  not,  however  pure, 
but  n:STe  subjected  to  a  process  of  pmitication  by  means  of  ether 

'''Sfrofc  is  a  colourless  oil,  with  a  strong  smell  of 

orsawiteither  by  sulphm-ic  acid  alone,  or  with  sulphunc  acid  and 
^'^^^irSTsaibed  bv  some  as  a  yellow  transparent  solid,  by 

-^W^XSS^^dSS^tionsof  c  Whenboil^d 
for  a  lono-  time  with  water,  it  takes  up  one  J^^f™ 

thus  i  may  be  distinguished  from  tlie  glucossB  «h.ch  a,e  not  so 
"""saS.'o.e,  or  cane  sugar,  easily  takes  up  oxygen  from  salts  of 

ethylene,  pr-opylene,  and  "^g^X'  the  inSncnce  of  yea.t 

Oane  sugar  does  »»?,  J>f,Vfef2n™ted  into  amixt,„e  of  dex- 

.»t:sr^Si*£^^^^ 

IffS?  ZTZZ^-^'V^^  -Vtion  of  .hich  Shan 

now  proceed  to  notice. 
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COMPOSITIOK  OP  THE  StTGAE-OAJ^E. 

There  are  several  varieties  of  the  sugar-cane.  The  common  variety, 
or  Creole  cane,  grows  between  the  Tropics,  in  every  region,  on  a  moist, 
light,  rich,  and  well-manm-ed  soil.  The  Otaheitan  variety  is  the 
quickest  in  growth  and  most  productive  in  sugar,  it  yielding  four  crops 
in  the  same  time  that  the  Creole  cane  furnishes  only  three. 

In  some  tropical  regions  the  yoimg  shoots  of  the  sugar-cane 
and  the  juice  form  an  important  and  nutritious  article  of  food. 
The  ripe  stalk  of  the  plant  is  chewed  and  suclced,  after  being  made 
soft  by  boring  it;  and  enormous  quantities  are  consumed  in  this 
way.  '  Large  shiploads,'  states  Johnston,  '  of  raw  sugar-cane  are  daily 
broug'ht  to  the  markets  of  Manilla  and  E,io  Janeiro  ;  and  it  is  plentiful 
in  the  markets  of  New  Orleans.  In  the  Sandwich  and  many  other 
islands  of  the  Pacific  every  child  has  a  piece  of  sugar-cane  in  its  mouth ; 
while,  in  our  own  sugar  colonies,  the  negroes  become  fat  in  crop  time 
on  the  abundant  juice  of  the  ripening  cane.' 

The  nutritive  properties  of  the  raw  juice  of  the  sugar-cane  depend 
upon  the  circimistance  that  it  contains,  besides  sugar,  a  considerable 
proportion  of  gluten. 

According  to  Fownes,  the  juice  has  the  following  composition: — 
Cane  sugar,  a  notable  amoimt  of  grape  sugar  or  glucose,  gum  and  dex~ 
trin,  phosphates  of  lime  and  magnesia,  some  other  salt  of  the  s«?ne 
hases,  sulphates  and  chlondes,  potash  and  soda  ;  and,  lastly,  a  peculiar 
azotised  matter  forming  an  insoluble  compound  with  lime,  not  coagu- 
lable  by  heat  or  acids,  and  readily  putretiable.  Of  ordinary  vegetable 
albumen  there  are  but  indistinct  traces,  and  of  casein  or  legumin 
none. 

Jhe  following  are  some  of  the  chief  analyses  of  the  sugar-cane 
which  have  hithei-to  been  published : — 


Peligot  and 

Casaseca. 

Avequin. 

Dupuy. 

Bibbon 
Cane. 

Tahiti 
Cane. 

Water 

Sugar 

Gum,  fat,  resin  and  al- 
buminous matters  . 
Woody  fibre 
Salts  .... 

72-1 
18-0 

j  9'9 

72-0 
17-8 

9-8) 
0-4 1 

77-0 
12-0 

no 

77-8 
16-2 

6-0 

69-.5 
11-5 

19-0 

76-729 
13-392 

0-441 
9-071 
0-368 

76-080 
14-280 

0-415 
8-867 
0-358 

lOO-O 

lOO'O 

100-0 

100-0 

100-0 

100-000 

100-000 
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The  sugar-cane,  especially  the  violet  variety,  is  coated  with  a 
peculiar  kind  of  wax,  termed  cerasine,  or  sugar-cane  wax. 

The  following  are  the  more  important  analyses  of  cane-juice : — 


Avequin. 

Peligot. 

Playge. 

Casaseca. 

Sugar  

Various  organic  matters 

Salts  

Water  

15'784 
0  140 

0-236 

83-840 

20-90 
-023 

-017  1 

78-70 

20-8000 
0-8317 
Small 
quantities 
78-3325 

20-94 
-012 

1  -014 

78-80 

100-000 

100-000 

99-9642 

100-000 

The  specific  gravity  of  the  juice  varies  no  less  than  from  1-046  to 
1-110,  but  usually  from  1-070  to  l-O&O.  When  first  expressed  it  is 
opaque,  and  of  a  yellowish-green  colour.  After  boiling,  a  greenish 
scum  rises  to  the  surface,  and  the  clear  liquor  is  of  a  yellow  colour. 
This  scum,  according  to  Avequin,  consists  of  about  60  per  cent,  of 
wax,  10  per  cent,  of  gi-een  matter,  22-7  of  albimien  and  woody  fibre, 
3-.3  of  phosphate  of  lime,  and  14-0  of  silica.  Piu-e  juice  contains 
about  81  per  cent,  of  water,  18-20  of  sugar,  0-46  of  organic  matter, 
and  0-35  of  mineral  matter. 

The  following  table  of  analyses  showing  the  composition  of  certain 
raiv  sugars,  and  of  the  products  of  a  Greenock  sugar-house,  is  by  Dr. 
Wallace : — 


West 
India. 

Beet. 

Date. 

Lumps. 

o 
a 

S 

u 

y) 
rt 
PI 

Green 
Syrup. 

g  fi 

cn 

O 

m 

a. 

o 

Cane  sugar 
Fruit  sugar 

94-4 

95-7 

95-4 

97-3 

87-7 

68-3 

62-7 

39-G 

48-0 

32-5 

2-2 

0-3 

1-8 

0-5 

6-0 

16-0 

8-0 

33-0 

18-0 

37-2 

Extractive  and  colour- 

0-5 
0-8 

1-2 
1-5 

0-  6 

1-  0 

1-5 
1-4 

ing  matter  . 
Ash  .... 

0-3 
0-2 

0-  4 

1-  6 

0-1 
0-2 

0-2 

28 
2-5 

3-5 
3-5 

Insoluble  matter 
Water 

2-8 

2-0 

0-8 

2-0 

5-0 

14-0 

27-7 

22-7 

31-1 

23-4 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 
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The  following  analyses  are  by  oiu-selves  : — 
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Raw  Sugar. 

Eeflned  Sugar. 

Befined  Sugar. 

Cane  sugar 

89-22 

99-899 

99-858 

Glucose  . 

3-69 

none 

none 

Water 

5-8'l 

0-078 

0-128 

Suspended  matter  . 

0-12 

none 

none 

Mineral  matter 

1-18 

0-023 

0-014 

100-00 

100-000 

100-000 

The  average  composition  of  the  tvher 
follows : — 

Sugar  

Gluten  

Woody  fibre,  &c.     .  . 
Water  


of  the  sugar-beet  is  as 


10-5 
3-0 
6-0 

81-5 


But,  of  course,  the  proportion  of  sugar  varies  considerably  in  different 
cases.  The  average  quantity  actually  extracted  from  beet  is  stated 
to  be  about  6  per  cent. 

According  to  Stenhouse,  the  ash  of  the  sugar-cane  has  the  com- 
position given  below : — 


Silica 

46-46 

41-37 

46-48 

60-00 

Phosphoric  acid 

8-23 

4-59 

8-16 

6-56 

Sulphuric  acid 

4-65 

10-93 

7-52 

6-40 

Lime 

8-91 

9-11 

5-78 

5-09 

Magnesia 

4-50 

6-92 

15-61 

13-01 

Potash 

10-63 

15-99 

11-93 

13-09 

Soda 

0-57 

1-33 

Chloride  of  potassium 

7-41 

8-96 

Chloride  of  sodium  . 

9-21 

2-13 

3-95 

3-92 

100-00 

100-00 

100-00 

100-00 

The  following  analyses  of  the  ash  of  raio  sugar  and  molasses  are 
by  Dr.  Richardson : — 

Sugar. 

Potash  19-42 


Lime 

Magnesia 

Oxide  of  iron  . 

Oxide  of  copper 

Protoxide  of  manganese 

Chloride  of  potassium 

Chloride  of  sodium  . 

Sulphuric  acid 

Silica 

Ashes 


14-67 
10-72 
6-55 

0-  71 
trace 

8-03 
16-46 
10-85 
13-59 

1-  33 


Molasses. 
36-23 
12-72 
11-14 

2-  62 
trace 
trace 

1-68 
26-87 
7-91 
1-93 

3-  60 
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Payen  found  12  kilogrammes  of  inolasses  to  contain: — 


Sugar'  . 

Acetate  of  potash 
Chloi'ide  of  potassium 
Sulphate  of  potash 
Mucilaginous  matter 
Phosphate  of  lime 
Nitrogenous  substauces 
Silica  ... 
Acetate  of  lime 
Phosphate  of  copper 
Water  .       .  •. 
Glucose  aud  uncrystallizable  sugar 


5fil00 
20!}30 
114G0 
U800O 
07C30 
05200 
05000 
02390 
01620 
00020 
80000 
•5C100 


ON  THE  ANALYSIS  OF  SUGAR. 

It  -will  Ids  unnecessary  for  practical  pm-poses  to  make  a  full  quan- 
titative analysis  of  the  sugars  of  commerce,  but  it  will  be  sutHcient  to 
estimate  the"  following :  —  Water,  c/litcose,  cane  sugar,  mineral  matter, 
matter  insoluble  in  ivater  separating  the  amounts  of  inwganic  and 
organic  matter;  the  former  will  consist  chiefly  of  silica  and  other 
earthy  matter,  and  the  latter  of  fragments  of  the  sugar  cane,  sporules 
of  fimgi  and.  acari. 

The  estimation  of  ivater. — 2  or  3  grammes  of  the  sugar  are  to  be 
dried  in  a  platiumn  basin  in  the  water-bath  until  they  cease  to  lose 
weight,  the  loss  indicating  the  amount  of  water  present. 

'Estimation  of  ash. — The  dried  sugar  is  then  incinerated  and  the 
ash  wdghed. 

Estimation  of  suspended  matter. — 20  grammes  of  the  sugar  are  dis- 
solved in  water,  and  the  solution  filtered  through  a  weighed  filter. 
The  filter  is  washed,  dried,  and  weighed ;  thus  the  total  amoimt  of 
suspended  matter  is  obtained.  The  filter  is  then  bm-nt,  and  the  residue, 
consisting  of  the  silica  and  other  mineral  impm-ities,  weighed.  The 
difierence  between  the  two  weighings  gives  the  amoimt  of  the  organic 
suspended  matter. 

Estimation  of  glucose.— The  filtered  solution  of  6  grammes  of  sugar  is 
made  iip  to  500'  cc,  and  the  sugar  estimated  by  means  of  the  alkaline 
copper  solution,  to  be  presently  described. 

The  principle  of  this  method  is  the  following :— Grape  sugar  is  a 
body  which  easily  takes  up  oxygen  from  other  substances,  it  being 
converted  into  carbonic  acid  and  water.  Thus,  acting  upon  a  solution 
of  nitrate  of  silver,  metallic  silver  is  thrown  down ;  whilst  fi-om  a 
solution  of  copper,  not  metallic  copper,  but  a  sub-oxide  of  copper,  Ou^O 
is  deposited.  This  oxide  being  easily  soluble,  even  in  weak  acids,  it 
follows  that  this  reduction  can  take  place  only  in  an  alkaline  solution. 
But  by  adding  caustic  soda  or  potash  to  a  solution  of  sidphate  of 
copper,  the  whole  of  the  copper  is  precipitated  as  hydrate  of  oxide  of 
copper.    This  precipitate,  however,  is  easily  soluble  in  tartai-ic  acid  and 
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solutions  of  the  alkaline  tartrates.  We  have,  therefore,  in  this  pro- 
perty' the  means  of  preparing  an  alkaline  copper  solution  without  the 
emploj-ment  of  ammonia,  in  which  the  sub-oxide  of  copper  is  soluble. 

The  solution  then  is  prepared  as  foUows :— -Perfectly  pui-e  crystal- 
lized sulphate  of  copper  is  powdered  and  pressed  between  blotting- 
paper  to  remove  aU  adherent  moisture.  34-639  grammes  are  exactly 
weighed  out  and  dissolved  in  about  200  cc.  of  distilled  water.  In 
another  vessel  173  grammes  of  piu-e  tartrate  of  soda  and  potash  are 
dissolved  in  400  cc.  of  a  solution  of  caustic  soda,  specific  gravity  1-14, 
The  copper  solution  is  now  slowly  poui-ed  into  the  second  solution,  and 
the  deep  blue  liquid  thus  obtained  is  diluted  exactly  to  1000  cc.  10 
cc.  of  this  solution  contain  0-34639  gramme  of  sulphate  of  copper,  and 
are  capable  of  reducing  0-050  gramme  of  anhydrous  grape  sugar  and 
0  067  gramme  of  milk  sugar.  Starch,  dextrin  and  cane  sugar  mav  be 
converted  into  gi-ape  sugar  by  prolonged  boiHug  with  dilute  sulphiiric 
acid.  10  cc.  of  the  solution  of  copper  correspond  to  0-045  gramme  of 
starch  or  dextrin,  and  to  0-0475  gramme  of  cane  sugar. 

The  rnethod  of  the  employment  of  the  copper  test  is  as  follows  : — 
10  cc.  of  it  are  exactly  measxu-ed  and  transferred  into  a  small  flask, 
60  cc.  of  water  are  added,  and  the  blue  liquid  is  heated  to  boiling. 
The  solution  of  sugar,  which  must  not  contain  more  than  1  in  100 
parts  of  water,  is  now  slowly  dropped  into  the  copper  solution  from  a 
burette  graduated  into  ^  cc.  The  liquid  assiunes,  after  the  addition  of 
the  first  few  drops,  a  greenish  colom-,  and  the  sub-oxide  subsides  in 
proportion  to  the  amount  of  solution  added.  The  precipitate  is  first  of 
a  yellowish  and  then  of  a  bright  red  colour.  After  fiu'ther  boiling  the 
oxide  readily  settles,  and  the  colour  of  the  liquid  can  then  be  observed. 
As  long  as  the  faintest  blue  tint  remains  more  sugar  solution  must  be 
added.  When  the  solution  appears  colourless  a  few  drops  are  filtered 
into  a  test  tube,  and  some  sulphm-etted  hydrogen  water  is  added  to 
it  after  acidulation  with  hydrochloric  acid.  A  black  coloration  would 
indicate  the  presence  of  copper  and  prove  that  the  reaction  is  not  yet 
finished  ;  while,  if  it  appears  coloiu-less,  the  volume  of  the  sugar  solu- 
tion is  noted.  Suppose  10  cc.  have  been  used,  these  contain  0-050 
gi-amme  of  grape  sugar. 

It  must  be  remembered  that  the  separated  suboxide  of  copper  will 
gradually  dissolve  in  the  supernatant  liquor  as  soon  as  this  becomes 
cold,  as  oxide,  into  which  it  is  converted  by  the  oxygen  of  the  atmo- 
sphere, and  hence  the  necessity  of  conducting  the  process  as  quickly  as 
possible.  or  1  J 

Estimation  of  cane  su(/ar.—Ca.ne  sugar,  starch,  and  dextrin  are,  as 
mentioned  above,  converted  into  grape  sugar  by  boiling  with  srdphuiic 
^l^-  Two  hoiu-s'  boiling  will  be  sufficient  in  the  case  of  cane  sug-ar, 
while  starch  and  dexti-in  require  fi-om  3  to  4  hours.  From  5  to  6 
drops  of  .sulphuric  acid  are  amply  sufiicient  for  a  gramme  or  two  of 
the  substance.  This  acid  must,  of  course,  after  the  conversion,  be 
neutralized  by  the  addition  of  a  few  drops  of  caustic  soda  •  the 
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copper  solution  is  then  to  be  employed  exactly  in  the  manner  described 
under  the  previous  heading. 

Or  the  quantity  of  sugar  may  he  estunated  from  the  weight  of 
the  precipitated  cuprous  oxide.  Dextrose,  lajvulose  and  the  mixture 
of  these,  termed  inverted  sugar,  all  of  which  may  be  included  under  the 
head  of  glucose,  reduce  the  same  quantity  of  copper  to  the  state  of 
suboxide. 

But  the  quantity  mav  be  determined  in  various  other  ways,  as 
from  the  carbonic  anhydride  or  the  alcohol  resulting  from  the  de-  ^ 
composition  of  the  sugar  by  fermentation.  According  to  Pasteur,  100 
parts  of  cane  sugar  yield  parts  of  water,  49-12  of  carbonic  acid, 
and  51-01  of  absolute  alcohol,  the  remainder  of  the  sugar  being  trans- 
formed into  glycerine  and  succinic  acid.  ,  j  • 
A  weio-hed  qiuintity  of  the  sugar,  say  2  grammes,  is  dissolved  in 
,  about  50  cc.  of  water,  and  a  small  quantity  of  diy  or  Geiman  yeast  la 
added  to  it.  The  liquid  is  put  into  a  small  flask  fui-mshed  with  a  cork 
perforated  for  the  reception  of  a  light  tube  fiUed  with  chlonde  of  calcium. 
The  whole  apparatus  is  accurately  weighed  and  kept  for  two  or  three 
days  at  a  temperature  of  about  30°  0.,  until  the  whole  of  the  sugar  has 
become  decomposed.  The  apparatus  is  then  again  weighed,  and  trom 
the  loss  of  weight  occasioned  by  the  escape  of  the  carbonic  acid,  the 
quantifrs^  of  the  sugar  is  calculated. 

The  liquid  in  the  flask  may  be  distilled,  and  the  alcohol  estimated 
in  the  usual  manner  by  taldng  the  specific  gravity  of  the  distillate. 

In  fruits,  as  has  already  been  stated,  cane  sugar  frequently 
occurs,  together  with  glucose,  when,  should  it  be  deemed  necessary 
to  separate  the  two  kinds  of  sugar,  this  object  may  be  eff^ected  by  means 
of  slaked  lime,  employed  in  the  manner  described  on  page  2o0. 

Saccharimetry.—ii  a  solution  consist  chiefly  pf  cane  sugar  and 
water,  as  in  cane  and  other  saccharine  juices  and  liquids,  the  quantity 
may  be  determined  by  taldng  the  specijic  gravity  of  the  mixture  and 
consulting  the  table  already  given. 

On  the  estimation  of  sugar  by  means  of  the  polanscope.--Gz.TiQ  8ugar,a8 
we  have  seen  above,  turns  the  plane  of  polarisation  to  the  right  and  the 
ano-le  of  polarisation  stands  in  direct  proportion  to  the  strength  of  the 
suoar  solution.  If  we  insert  between  two  Jvicol's  prisms  which  cross 
each  other  at  right  angles,  and  do  not  theretore  admit  fbe  passage  of 
lio-ht,  a  stratum  of  a  solution  of  sugar,  the  ray  of  hght  ^^o^  P^f  j? 
throu-h  the  prisms,  and  the  analyser  must  be  turned  towards  the  lett 
for  a  certain  nmnber  of  degrees  imtU  light  is  again  excluded 

The  sugar  solution,  before  it  can  be  analvsed  m  this  manner  must 
be  subjected  to  special' treatment  If  the  solution  be  tuvbid  and  c^^^^ 
tain  o-mn,it  should  be  mixed  with  one-tenth  of  its  volume  oi  a  ^olufon 
of  isiigl^ss;  it  should  then  be  agitated  with  H  volumes  ot  alcoh^, 
whereby  a  precipitation  occurs,  the  liquid  becomes  punfaed,  and  alter 
filtration  is  ready  for  observation. 
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If  the  solution  be  coloiu-ed,  it  must  be  passed  through  animal 
charcoal ;  but  as  this  substance  is  said  to  take  up  sugar,  the  tirst  fourth 
that  passes  throiigh  must  be  rejected. 

Should  the  solution  contain  one  of  the  glucoses,  as  dextrose 
Ifevidose,  or  inverted  sugur,  or  any  other  substance  possessing  rotatory 
properties,  and  which  are  not  altered  by  boiling  with  acids,  the 
aiuoimt  of  cane  sugar  may  be  determined  by  noting  the  rotatoiy  power 
of  the  solution  both  before  and  after  conversion  of  the  sugar  by  boiling 
with  dilute  sulphmic  acid,  the  temperatiue  being  also  observed  in  the 
latter  case. 

The  first  observation  having  been  taken,  100  cc.  of  the  solution  are 
mixed  with  10  cc.  of  sti-ong  hydrochloric  acid,  the  mixtiu-e  being 
heated  for  15  minutes  to  68°  C.  Now,  since  the  rotatory  power 
of  the  solution  cooled  to  the  original  temperatm-e,  the  observation 
having  been  made  in  a  tube  one-tenth  longer  than  the  first  tube, 
remains  imalteredso  far  as  the  glucoses  are  concerned  ;  and  whereas  the 
cane  sugar  has  now  been  replaced  by  inverted  sugar,  the  amount  of 
cane  sugar  may  be  calcidated  from  the  rotatory  power  peculiar  to  iii=^ 
verted  sugar,  as  foUows : — 

The  angle  of  rotation  (a)  of  the  original  liquid  is  made  up  of  the 
rotation  of  the  grape  sugar  (g  G),  and  that  of  the  cane  sugar  (c  C), 
whilst  the  rotatory  power  of  the  solution  after  conversion  («,)  depends 
upon  the  rotation  produced  by  the  grape  sugar  (a  G)  and  that  of  the 
^inverted  sugar  {i  C).  Therefore, 

a  =  g  G  +  c  C 
=  ff  G  +  i  C 
a  ^      =  c  C  —  i  C,  or 
rt  -  rtj  =  C(c  —  i). 

Therefore,  C=  ^H^i ;  «  and  CTj  are  the  angles  obtained  in  the  two 

experiments;  c  is  at  a  temperatiu-e  of  16° C.  equal  to  73-8°,  and  i 
equal  to -25.  Therefore  c-e=  +  98-8.  From  these  data  it  is  easy  to 
calculate  in  each  special  case  the  quantity  of  cane  sugar  contained  in  1 
part  of  the  sugar  solution. 

_  The  specific  rotatory  power  of  the  principal  descriptions  of  suo-ar 
with  which  it  is  probable  that  we  shall  have  to  deal  in  connection  with 
this  subject  are  the  following : — 


Dejctrose 
Ljevulose 
j» 

Cine  sugar 
Milk  „ 
Inverted,, 
Galactose 


+  56° 

-106°  at  14°  C. 

-  !i3°  at  90°  C. 
+  73-8° 

+  69-3° 

-  2.5°  at  16°  C. 
+  83° 
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Separation  of  cane  sugar  from  fruit  sugar. —The  juice,  after  the 
addition  of  some  alcohol,  should  there  be  auy  fear  of  fermentation,  13 
satiu-ated  with  slaked  lime  and  filtered.  The  filtrate  is  heated  to  the 
boiling-  point  and  again  filtered  at  that  temperature ;  the  insoluble  supr- 
lime  remaining  on  the  filter,  is  thoroughly  washed  with  water ;  transient 
to  a  suitable  vessel,  pour  water  upon  it,  and  remove  the  lime  from  the 
sugar  compound  by  means  of  a  current  of  carbonic  acid..  The  sugar  solu- 
tion is  to  be  once  more  filtered,  evaporated  to  a  syrup,  decolorized  ^vlth 
animal  charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  then 
left  to  crystallize.  By  the  first  operation  not  more  than  two-thirds  ot 
the  cane  su"-ar  present  are  obtained,  and  the  process  must  be  repeated 
for  the  separation  of  a  fiu-ther  quantity.  Should  the  sug-ar  solution  be 
very  turbid  after  the  decomposition  of  the  lime  compound  by  carbonic 
-^acid,  basic  acetate  of  lead  must  be  added,  and  then,  after  filtration,  the 
excess  of  lead  is  removed  by  means  of  sulphuretted  hydrogen 

The  process  of  Peligot  may  be  brietiy  noticed  here.  I  he  cane 
suo-ar  and  o-lucose  are  combined  with  lime  in  the  cold,  and  the  lime 
estimated  by  neutralisation  with  sulphuric  acid,  and  from  the  amoimt  ot 
this  used  the  quantit^^  of  susjar,  calcidated  as  cane  sugar,  is  ascertained. 
Another  portion  of  the  solution  which  has  been  saturated  with  kme  is 
boiled,  whereby  the  lime  compoimd  of  cane  sugar  is  precipitated,  and 
the  filti-ate  is  again  neutralised  Avith  sidphuric  acid.  The  difierence 
between  the  qualities  of  acid  used  before  and  after  the  boiling  indicates 
the  amoimt  of  cane  sugar,  while  the  volmue  of  acid  used  for  the  second 
neuti-alisatiou  gives  the  quantity  of  glucose.  ,    n  tt  n 

The  compoimd  of  lime  with  cane  sugar  has  the  tormiila  Oi^hLj^Uu, 
.30aO,  while  that  with  glucose  is  represented  by  GeHioOaaUg  +  aq.  iJie 
former  contains  67-06  per  cent,  of  cane  sugar  and  the  latter  6o-22  per 

''^''\°vefv'simple  process  indicated  by  M.  Payen  in  his  work  entitled 
'  Des  Substances  Alimentaires,'  and  employed  in  most  sugar  refineries 
in  France,  '  consists  in  washing  the  rough  or  moist  siigar  with  alcohol 
at  85°  lio-htly  acidulated  with  five  hundredths  of  acetic  acid  and 
saturatedVth  sugar-candy.  The  liquid  dissolves  the  si^aa-  of  starch 
and  t£  l™talfizable  si^gar,  while  it  does  not  attack  the  crystals  of 
cane  or  beet  sugar. 


ON  THE  STET7CTTTKB  OP  THE  BTTGAE-CANE. 

On  the  presence  of  fragments  of  sugar-cane  in  sugar.— The  juice  of  f 
the  cane  isCressed  by  means  of  powerful  machinery,  and  dunng  the  1 
o'/eiXn  nuS'^us  figments  oAhe  cane  it-lf,  many  ol  them  o^ 
extoeme  minuteness,  become  detached,  and  pass  into  the  juice.  As  this  U 
n  ^rWactiire  ilito  sugar  does  not  undergo  in  ^--'^^^l^Zl 
of  filtration,  and  as  but  few  of  the  fragments  dram  away  ^ ^he  * 
Lacle,  the  greater  nmnber  of  them  are  retained  in  the  sugar,  m  aU 
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imfilterecl  samples  of  Avlilch  they  may  be  readily  detected  in  abimdance 
by  means  of  the  microscope. 

For  the  more  ready  and  certain  identification  of  these  fragments, 
it  is  necessary  to  give  a  short  outline  of  the  structm-e  of  the  sugar-cane 
itself. 

The  sugar-cane  belongs  to  the  class  of  Endogens,  and  consists  of 
nearly  cylindrical  rods  or  stems,  which  are  divided  into  joints  at  irre- 
gular distances  of  some  three  or  four  inches,  and  its  structui-e  is  made 
up  of  ceUidar  tissue,  woody  fibre,  vessels,  and  epidermis. 


Fig;  Gl. 


A  fragment  of  SuiJAR-CANE,  taken  from  near  the  centre  of  the  stem,  showing 
the  size  and  character  of  the  cells  of  which  the  parenchyma  is  formed,  as 
well  as,  on  the  left,  a  bundle  of  woody  fibre.  Drawn  with  the  Ctomera  Lucida, 
and  magnified  100  diameters. 

The  parenchyma,  or  cellular  tissue,  forms  the  most  considerable 
portion  of  the  sugar-cane,  and  is  constituted  of  aggregations  of 
infinite  nmnbers  of  utricles  or  cells,  in  the  cavities  of  which  the  juice 
is  enclosed. 

These  cells  are  usually  rather  longer  than  broad,  and  in  the  centi-al 
parts  of  the  bamboo  they  are  several  times  larger  than  in  its  outer  and 
harder  part ;  the  membranes  of  which  the  walls  of  the  cells  are  formed 
are  all  finely  dotted  or  punctated,  a  cliaracter  by  which  the  cells  of 
the  sugar-cane  may  be  clearly  distingiushed  from  most  other  ves'etable 
cells  (fig.  61).  ^ 
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The  xooochj  Jihre  traverses  the  cane  in  a  lon<ritiidiual  direction  in 
distinct  bundles,  which  give  to  transverse  sections  a  dotted  appear- 
ance. Each  bundle  is  constituted  of  a  number  of  greatly  elongated 
cells,  and  sometimes  encloses  vessels ;  these  are  also  usually  more  or 
less  dotted,  like  the  ordinary  cells  of  the  parenchyma,  of  which,  indeed, 
they  are  merely  modifications  (fig.  62). 

The  vessels  follow  the  same  disposition  as  the  woody  fibre  in  the 
centre  of  each  bundle  of  which  one  or  more  is  generally  included. 
These  vessels  are  of  two  kinds :  the  one  is  the  interrupted  spiral  or 

Fig.  62. 


Pragments  of  the  Suoar-Cane,  exhibiting  the  structure  of  the  two  kinds  of 
vessels  wlilch  enter  Into  its  composition,  as  well  as  the  cells  of  which  the 
woody  fibre  is  constituted,  a,  Dotted  vessel  embedded  in  woody  fibre  ;  6, 
cells  of  Koodij  fibre  ;  c,  spiral  vessel.  Drawn  with  the  Camera  Lucida,  and 
magnified  200  diameters. 

dotted  vessel,  and  the  other  the  simple  or  continuotis  spiral  vessel. 

The  dotted  vessels  are  sometimes  cylindrical,  but  frequently  polygonal,  h 

from  the  compression  exerted  upon  them  by  the  woody  fibre,  by  Ji 

which  they  are  immediately  surroimded,  and  the  markings  of  the  i 

cells  forming  which  they  frequently  exhibit  on  their  surfaces :  the  i 
spiral  vessels  are  found  claiefly  in  the  outer  and  harder  part  of  the 
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stem :  they  are  formed  of  a  single  thread,  remarkable  for  its  thickness 
and  strength  (fig.  62.) 

The  epidennis  or  cuticle  is  known  hy  the  elongated,  crenate  cells  of 
which  it  is  composed,  and  the  presence  of  stomata.  At  the  distal  ex- 
tremity of  each  internode  of  the  cane,  the  ordinary  epidermic  cells 
are  replaced  or  overlaid  by  a  layer  of  cells,  having  totally  difl'erent 
characters ;  they  are  iisnally  a  little  longer  than  broad,  more  or  less 
rounded  or  oval  in  shape,  marked  with  short  and  well-defined  lines 
disposed  in  a  radiate  manner  :  these  cells  resemble  somewhat  the  cells 


Fig.  63. 


Portion  of  the  Epidemhs  of  the  Cass.,  showing  thb  two  kinds  op  ceils  of 
which  It  IS  composed— viz.,  those  of  which  the  general  surface  of  the  cane  is 
formed,  and  those  of  which  the  polished  zone  described  in  the  text  is  chiefly 
constituted.  Drawn  with  the  Camera  Lucida,  and  magnified  200  diameters. 

found  in  the  stones  of  fruit,  and  they  form  by  their  union  a  zone  roimd  the 
cane,  polished,  hard,  and  of  about  the  third  of  an  inch  in  depth  (fig.  63). 

Fragments  of  sugar-cane  are  present  in  great  quantity  in  Musco- 
vaxlo  sugar,  in  the  sugars  of  the  shops  in  general,  and  in  'bastards  '  a 
product  of  the  manufacture  of  loaf  sugar. 

They  are  not  contained  in  loaf  sugar,  crushed  liunp,  sugar  candy 
nor  m  certain  of  the  East  Indian  sugars ;  in  the  preparation  of  all  these 
sugars  the  cane  juice  undergoes  a  process  of  filtration  which  eflectuallv 
removes  all  solid  and  bulky  impurities.  ^ 
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The  presence  of  these  fragments,  in  many  cases,  serves  to  distinguish 
satisfactorily  cane  sugar  from  either  beet,  maple,  or  grape  sugar,  a 
discrimination  Avhich  otherwise  it  would  be  extremely  difficult  to 

^^^By  the  same  means,  also,  cane  sugar  may  be  detected  when  mixed 
with  beet,  a  practice  Avhich,  we  believe,  is  not  uncommon  in  France, 

and  even  in  this  coimtry.  .   r^-,^     .      .  xi     x-  ^ 

The  saccharine  juice  of  the  beet-root  is  filtered,  and  theretore  frag- 
ments of  that  plant  are  not  present  in  the  sugar  made  from  it,  as  they 
•would  doubtless  be  were  this  means  of  purification  not  adopted. 

The  presence  of  sugar-cane  in  sugar  lessens  somewhat  its  sweet- 
ness, and  thus  helps  to  deteriorate  both  its  quality  and  value. 

'  Fig.  G4. 


Ova  and  yowig  of  the  Acahus  saccH-UIT.  or  sugar  insect.    Drawn  with 
ova  and  jonng  ^^^^^^  ^^^.^^^       magnified  200  diameters. 

PHTSIOLOGICAX  ACTION  AND  PROPERTIES  OE  CANE  SUGAR. 

Suoar  contributes  to  the  formation  of  fat  and  lactic  acid  ;  it  supplies 
material  for  the  maintenance  of  respiration,  furnishing  by  its  oxida- 
tiouTeat  t^  the  system.  Sugar,  axid  treacle,  especiaUy  the  latter,  have 
an  aperient  tendency. 

The  Impurities  of  Unrejined  or  Brmvn  Sugar. 
Ordinarv  brown  su-ar,  prepared  fi-om  juice  which  ha^  not  been 
subSfed  to  efficient  filtration,  contains  almost  invariably  a  great  mar^ 
frSmentsof  the  ti<^me  of  the  ,uf,ar-cnne  sporules  of  a  funffm  nu- 
me^oTs  t^r.-  glucose,  and  other  impui-ities,  from  which  white  or 
refined  sugar  is  entirely  free. 
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The  presence  of  these  various  and  damaging  impiuities  is  thus 
explained. 

The  presence  of  the  fragments  of  cane  is  accounted  for  by  the  cane- 
juice  not  having  been  filtered,  of  the  fungus  and  of  the  insects,  by  the 
fermentation  of  the  sugar,  and  the  presence  of  nitrogenous  matter.  In 
sugars  which  have  been  filtered  none  of  these  impurities  are  met  with. 
^Ve  shall  now  proceed  to  describe  the  fungus  and  acarus,  or  sugar- 
uiite. 

Fig.  65. 


A  Sugar  Insect  of  medium  size,  representing  its  attitude  and  appearance  wli'en 
alive,  and  hs  seen  crawling  on  a  fragment  of  cane.  Drawn  with  the  Camera 
Lucida,  and  magnified  :iOO  diameters. 

On  the  fungus  in  sugar. — Innumerable  sporales  of  fungi  are  very 
fenerally  to  be  observed  in  the  less  pure,  kinds  of  sugar ;  they  occur, 
hdeed,  most  abundantly  in  those  sugars  which  favour  the  develop- 
ment of  the  acari. 

The  sporules  are  best  seen  by  dissolving  a  small  quantity  of  any 
brown  sugar  in  water,  and  looking  for  them  in  the  sediment  which 
subsides,  and  which,  to  a  great  extent,  is  constituted  of  the  sporules 
in  question. 

*  B 
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These  sponiles  are  exceedingly  minute  bodies,  usually  of  an  oval 
form,  as  represented  in  fig.  67. 

Fig.  B6. 


\ 


This  figure  represents  a  Sugar  Iksect,  wtiich  has  nearly  attained  itf  full  dere- 
lopment,  and  as  it  frequently  appears  when  dead.  Drawn  \\ith  the  Camera 
Luoida,  and  magnified  200  diameters. 

The  sugar-mite. — The  sugar-mite,  or  Acarus  sacchari,  first  detected 
by  the  author  in  raw  sugar  in  1851 ,  and  described  in  his  report  publish «i 
in  the  Lancet  in  January  of  that  year,  is  in  size  so  considerable  that  it  is 
plainly  visible  to  the  unaided  sight.  When  present  in  sugar,  it  may 
always  be  detected  by  the  following  proceeding  :— A  teaspoonful 
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or  two  of  the  sno'ar  should  he  di^snlvprl  ,•,■,„  i 
tepid  water,  and  the  solution  aUowe?  o  Jenaaiu  at  S  fT""l'^^^ 
so  ;  at  the  end  of  that  time  the  acari  wTZ  l  a 
surface  of  the  liquid,  some  adLrfno-rtLl  L  of^^^fl  tl^e 
at  the  bottom,  mixed  up  with  th7"Z.^nL     a  i    ,  ^^^^  °t^ers 

of  fragments  of  cane.  wTod'hb  e  gritT   and  statr''"'^ 
usuan,  subsides  on  the  sofution  of  ^^en  ^^alf  ^^Ta^^^^^^ 


Pig-  67. 


andTbsSe  Ttf  <iescription  of  the  acarus  in  question 

extremity  of  thir^v^  C            ^  ^^'^  ^^^^  sides,  and  one 

These  stages  of  the  d^bpt^nSfT"^  ^^^in  to  protrude. 

The  acarus  th  J  ITF      \  exhibited  in  hg.  64 

acarus  thus  far  formed  goes  on  increasing  in  size  until  it 

B  2 
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attains  its  full  growth,  when  it  is  visible  to  the  naked  eye  as  a  mere 

^^^fn  its  perfect  state,  its  structure  is  as  follows  :-The  hody  is  oval, 
or  rather  somewhat  ovate,  being-  broader  behind  than  before  ;  from  its 
posterior  part  four  long  and  stiff  bristles  proceed,  two  toorether  on  each 
side-  and  some  eight  or  ten  smaller  ones  are  arranged  nearly  at  equal 
Sauces  around  the  circumference  of  the  body;  from  its  an  tenor 
part  a  proboscis  of  complex  organisation  proceeds,  and  fiom  its 
Lferioriirface  eight  legs,  jointed  and  urmshed  -'fXT.llZS^ 
at  each  articulation;  the  spine  which  issues  from  the  last  joint  but 
one  of  each  le-  is  very  long,  and  extends  much  beyond  the  termina- 
tion of  Te  leritself ;  Ltly!  each  leg  is  armed  at  its  extremity  with  a 

''"Mty'oVthe  above  particulars  are  faithfully  exhibited  in  the 

^°^TmSt!Lferof  sugar  the  acari  maybe  seen  of  aU  sizes,  that  is. 
in  all  the  stages  of  their  growth  and  in  every  .'^^'^^f^j^  ^  ^""^.^.fjj 
others  dead;  some  entire,  and  others  broken  into  fragments,  bodies 

We  haveTaid  that  the  sugar-mite  is  very  commonly  present  in  the 
less  pie  suo-ars-we  mio-ht  have  asserted  that  it  is  almost  constantly 
so  th^  st^itement  being  based  upon  the  examination  of  not  less  than 
one  hundred  different  samples  of  sugar.  _ 

A.S  a  rule,  the  number  of  acari  present  in  any  sample  of  sugai  may 
be  taken  a'fair  indication  of  the  purity  of  th-at  sugar  ;  the  purer  the 
suo-ar  the  freer  it  wiU  be  from  the  sugar-mite. 

"  iVoS-s'  ^cA-It  is  well  known  that  grocers  are  subject  t^  an 
affection  0?  t£  sldn,  denominated  'gi-ocers'  itch,'  of  which  one  of  the 

parSdX  -"o  a..:  engaged  in  the  '  handling '  of  the  sugars,  as  the 

"^'toTZAcarus  actually  belongs  to  the  same  g-iis  as  the 

Ac^Zscabiei,  or  itch-insect,  than  which,  however,  it  is  larger,  and 

^'Tt^Z:^ZSf^^  disease  in  que^on 
^^^^ 

"I'ZlnhL  i  have  had  occasion  to  examine,  more  or  less  minutely, 
'  ^  n^f  u^Led  and  fifty  specimens  of  sugtvr,  in  quality  vanmg 
nearly  one  liundrea  ana  niLy  V  r  number  of 

from  the  P^^l^^e ^Irt  Iv  f^^^^^^^^^^^  ome  were  of^-ather  indiflerent 
^:^:;::^IZTJ:1^^^^^^^^  so  impm-eas  to  beqmte  unfit 
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for  use  ;  they  abounded  in  organic  filth,  and  contaiuod  great  numbers 
of  disgusting  insects.  All  the  samples  of  inferior  sugar  were  of  the 
Idud  known  as  raw,  and  in  no  instance  did  I  detect  in  the  rehned 
article  the  slightest  trace  of  any  substance  iujiu-ious  to  the  health  or 
repugnant  to  the  feelings.  "With  such  facts  as  these  before  me,  and 
writing  in  the  interest  of  the  consumer,  I  advocate  the  exclusive  use  of 
refined  sugar.  I  unhesitatingly  assert  tliat  no  one  who  pays  any  atten- 
tion to  the  piuity  of  his  food,  aware  of  the  nature  of  the  impurities  so 


Fig.  68. 


A  fragment  of  -woody  fibre  of  the  Fia,  showing  its  structure.  Drawn  with 
the  Camera  Lucida,  and  magnified  200  diameters. 

frequently  abounding  in  the  raw  article,  could,  without  a  feeling  of 
loathing,  make  use  of  it.  .  ,  .  The  use  of  raw  sugar  is  rapidly  on 
the  decline,  and  1  venture  to  hope  that  the  publication  of  this  little 
treatise  will  aid  to  utterly  extinguish  it.  .  .  .  Dr.  Hassall,  who 
was  the  first  to  notice  the  general  occurrence  of  acari  in  the  raw  sugar 
sold  in  London,  found  them  in  a  living  state  in  no  fewer  than  G!)  out 
of  72  samples.    He  did  not  detect  them  in  a  single  specimen  of  rejimd 
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sugar.  The  results  of  my  examination  of  tlie  sugar  sold  in  Dublin 
coincided  pretty  closely  with  Dr.  Hassall's  experience.  In  the  rejined 
sorts  I  found  nothing  but  crystallizable  and  non-ciystallizahle  sugar 
and  a  little  saline  matter  ;  in  the  raiu  Idnds  organic  and  mineral  filth, 
often  in  great  abundance.  One  of  the  samples  which  I  examined 
contained  a  larger  number  of  insects  than  I  believe  had  previously 
been  noticed,  or  at  least  recorded,  by  any  other  observer.  In  10 
grains  weight  I  estimated  no  fewer  than  500,  most  of  which  were 
so  large  as  to  be  distinctly  visible  to  the  naked  eye.  It  is  no  ex- 
aggeration to  affirm  that  there  cannot  be  less  than  100,000  of  these 
insects  in  every  pound  of  f.his  sugar.  The  assertion  (as  reported  in  the 
newspapers)  that  one  pound  of  rcnv  sugar  contained  100,000  active 
insects  must  no  doubt  have  appeared  incredible  to  some  people ;  but 
that  I  was  not  guilty  of  exaggerating  the  number  was  proved  by  the 
results  of  other  observers.  A  committee  of  microscopists,  composed 
of  Drs.  Aldridge,  Minchin,  Symes,  and  Booth,  and  Mr.  Rejmolds, 
visited  the  workhouse,  and,  in  presence  of  the  officials,  examined  the 
sugar,  and  satisfied  themselves  that  my  account  of  it  was,  in  every 
respect,  an  accurate  one.  Two  samples  of  the  sugar  were  also 
examined,  one  by  Dr.  John  Barker,  Curator  of  the  Eoyal  College  of 
Surgeons,  Ireland;  the  other  by  Dr.  Hassall,  of  London,  a  very 
eminent  authority  upon  the  subject.  In  15  grains  weight  Dr.  Hassall 
found  considerably  over  100  living  insects,  or  at  the  rate  of  42,000  per 
pound ;  and  Dr.  Barker  estimated  no  fewer  than  1,400  in  45  grains 
weight,  or  at  the  rate  of  268,000  acnri  in  each  pound  weight  of  sugar.' 

Another  impm-ity  very  frequently  met  with  in  liunp  sugar  consists 
of  minute  sawdust-like  fragments,  not  only  of  deal,  but  also  of  other 
woods ;  they  often  occur  in  gi-eat  abundance,  and  of  their  presence  it 
is  not  easy  to  give  a  satisfactory  explanation.  Possibly  they  are 
derived  from  the  board  on  which  the  loaf  sugar  is  broken  into 
lumps. 

The  impurities  of  raw  sugar  prevail  to  such  an  extent,  and  are  of  such 
a  nature — consisting  of  live  animalculse  or  acari,  sporules  of  fimgus, 
grit,  woody  fibre,  &c. — that  we  feel  compelled,  however  reluctantly, 
to  come  to  the  conclusion  that  the  hi-own  sur/ars  of  commerce  are,  in 
general,  in  a  state  unfit  for  human  consumption. 

We  sti'ongly  urge  the  sugar  refiner  to  prepare  cheap  forms  of  puri- 
fied sugar,  in  powder,  analogou.3  to  crushed  lump ;  such  sugars  are 
extensively  employed  in  Scotland,  Bristol,  and  elsewhere,  and  are 
meeting  with  a  large  and  ready  sale. 

EESTTLTS  OF  THE  EXAMINATION  OF  SAMPLES. 

Out  of  scwnty-two  samples  of  h-own  sugar,  as  procured  at  different 
shops,  subjected  to  examination, /?-(7(/?)je»!i;s  of  sugar-cane  were  present 
in  all  but  one.  These  were  iisually  so  small  that  they  were  visible 
only  by  the  aid  of  the  microscope. 
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Sporules  a,nd  Jilaments  of  fungus  were  present  in  nearly  all  the 
sugars. 

The  acari  were  present  in  sixty-nine  of  the  samples,  and  in  many 
in  very  considerable  quantities. 

•ape  sugar  was  detected  in  aU  the  sugars. 

Four  of  the  sugars  contained  proportions  of  starch  so  considerable 
as  to  lead  to  the  inference  that  they  were  adulterated. 

Eleven  other  samples  of  brown  sugar,  as  imported  from  the  East 
and  West  Indies,  furnished  nearly  similar  results.  Two  only  could 
be  regarded  as  pui-e  and  fit  for  human  consumption— a  white,  large- 
grained  Calcutta  su^ar,  resembling  crushed  lump  ;  and  a  pale  straw- 
coloured,  large-grained,  highly  crystalline  sugar  from  Cassipore. 
Both  these  sugars  had  no  doubt  been  made  from  juice  pui-ified  by 
filtration. 

The  results  of  the  examination  of  fifteen  samples  of  lump  sugar 
were — 

That  in  none  of  the  sugars  were  fragments  of  cane  present. 
That  in  three  of  the  sugars  only  were  ti-aces  of  grape  sugar  to  be 
detected. 

That  in  no  case  were  acari  observed. 
_  That  in  none  of  the  sugars  were  sporules  and  threads  of  funoi 
visible.  ° 

It  has  now  been  shown  that  the  majority  of  brown  sugars,  although 
not  adulterated,  are  yet,  as  imported  into  this  country  and  as  vended 
to  the  public,  in  an  exceedingly  impure  condition. 

THE  ADUITEEATIOlfS  OF  CAlfE  STiaAE. 

_  Various  adulterations  have  been  stated  to  be  practised  on  sugar ;  as 
with  potato  sugar,  starch,  gum  and  dextrin,  finely  powdered  marble, 
chalk  or  whiting,  sand,  bone-dust,  and  common  salt. 

Sugar  being  soluble  in  water,  it  is  obvious  that,  were  it  to  be 
adulterated  with  any  insoluble  substances,  the  discovery  of  such 
adulterations  would  be  very  easy  and  certain,  for  the  only  thing 
necessary  would  be  to  dissolve  a  portion  of  the  sugar  and  to  examine 
the  precipitates  which  subsided. 

We  have  examined  several  hundred  samples  of  sugar,  and  the  only 
insoluble  substance,  excluding  accidental  impurities,  which  we  have 
met  with,  has  been  starch,  which  was  present  in  small  quantities  in 
four  samples.  There  is,  therefore,  but  little  foundation  for  the  tales 
we  hear  about  the  presence  of  sand  in  sugar. 

Formerly,  however,  when  sugar  was  much  dearer  than  at  present,  it 
used  to  be  extensively  adidterated  with  an  inferior  description  of  sugar 
made  from  potato  starch  by  the  action  upon  it  of  dilute  sulphuric  acid. 
But  this  adulteration  has,  we  believe,  ceased. 

Dr.  Letheby,  in  his  evidence  given  some  years  since  before  the  Par- 
liamentary Committee  of  which  Mr.  Scholefield  was  the  chairman, 
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stated,  in  reply  to  a  question  put  to  him  by  Mr.  Alderman  Oubitt : 
'  Is  there  much  potato  sugar  made  ? ' — '  A  year  or  two  ago  ago,  when 
there  were  diseased  potatoes,  there  were  tons  made  in  a  week  at  one 
establishment  I  visited.  The  disease  in  the  potatoes  did  not  touch  the 
starch.' 

'  Afewyears  ago,'  writes  Dr.  Pereira,  'I  inspected  an  extensive  manu- 
factory of  sugar  from  potato  starch  at  Stratford,  in  Essex ;  the  sugar 
obtained  was  sold  for  the  adidteration  of  brown  sugar,  and  the  molasses 
produced  was  consumed  in  an  oxalic  acid  manufactoi-y.' 

There  is  a  practice,  termed  the  '  Mixing '  or  '  Handling  '  of  sugar, 
which,  although  not  an  adulteration,  may  here  be  described.  It^  con- 
sists in  mixing  together,  in  various  proportions,  sugar  of  different 
qualities  and  prices — as  moist  sugars  with  di7  ones,  very  brown  sugars 
with  those  of  light  coloiu- — the  resulting  article  presenting  a  tolerable 
appearance  to  the  eye,  but  being  rarely  what  it  professes  to  be — real 
Jamaica  or  Demerara  sugar. 

In  reference  to  this  subject  some  remarks  from  the  work  of  Dr. 
Scofiern  on  the  manufacture  of  sugar  may  be  quoted  : — 

'  If  the  West  Indian  sugar-growers  Avere  to  be  furnished  at  once 
with  a  never-failing  means  of  producing  a  large-grained,  and  there- 
fore an  easily  ciu-ed,  sugar,  to  the  exclusion  of  all  other  sorts,  their 
produce  would  have  to  encoimter  a  difficulty  which  the  consmuer 
would  scarcely  imagine.  Such  large-grained  sugars  are  very  un- 
favourable to  the  perpetration  of  certain  mysterious  operations  of 
legerdemain  termed  "  handling,"  which  grocers  understand  too  well. 
They  will  not  mix.  A  small-grained  sugar  may  readily  be  incorpo- 
rated with  glucose,  with  pieces  or  bastards,  and  other  less  innocent 
bodies,  vdthout  such  incorporation  being  discoverable  to  the  eye.  _A 
large-grained  sugar,  on  the  other  hand,  is  a  most  refractory  material 
for  these  little  manipulations ;  its  crystals,  no  matter  how  mingled 
with  contaminating  agents,  never  ceasing  to  manifest  their  native  bril- 
liancy, and  thus  proclaiming  the  fraud.  It  is  most  easy,  then,  to 
understand  why  the  grocer,  as  a  rule,  does  not  encourage  these  large- 
grained  suc-ars.  He  cannot  "  homlle  "  them,  and  therefore  brands  them 
with  a  fault.  He  says  they  are  deficient  in  saccharine  matter— that 
they  will  not  sweeten.' 

THE  DETECTION  01'  THE  ABtTLTEEATIONB  OF  SrOAE. 

As  we  have  seen,  sugar,  on  the  whole,  is  liable  to  but  little  adul- 
teration, although  the  raw  sugars  of  commerce  contain  many  im- 
piu-ities  The  chief  adulterations  which  have  been  detected  are  those 
with  starch  and  starch  siu/ar.  Other  articles  aUeged  to  have  been 
used  for  its  adulteration  are  ^um,  dextrin,  chalk  or  wMtim/,  ffi/psitm, 
sand,  bone-dust,  and  common  salt.  These  substances,  except  the  gum 
and  salt,  arc  all  insoluble  in  water ;  for  their  separation  and  identifaca- 
tion  nothing  more  in  general  would  be  necessary  than  to  dissolve  a 
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portion  of  the  sugar,  to  allow  the  precipitate  to  subside,  and  to  examine- 
it  with  the  eye,  and  occasionally  by  chemical  reagents. 

If  the  sugar  be  adulterated  with  gum  we  must  proceed  as  follows :  

5  grammes  of  the  siig-ar  must  be  dissolved  in  boiling  spirits  of  wine. 
The  greater  part  of  the  garni  will  remain  undissolved,  and  may  be 
identified  by  its  general  characters ;  or  the  gum  may  be  precipitated 
from  its  aqueous  solution  by  means  of  acetate  of  lead,  and  estimated 
by  evaporation  and  di-ying  after  the  removal  of  the  lead.  Dextrin, 
which  is  intermediate  in  its  characters  between  giun  and  starch,  may 
be  quantitatively  estimated  in  the  same  manner  as  the  gum  ;  but  it  is  not 
precipitated  by  acetate  of  lead,  imless  with  the  addition  of  ammonia  ; 
dextrin  is  fiu-ther  distinguished  from  gum  by  the  purplish  colour  to 
which  it  gives  rise  when  treated  with  a  solution  of  iodine,  as  also  by 
the  circumstance  that  under  the  microscope  the  remnants  of  the  starch 
corpuscles  are  still  visible  in  many  cases. 

The  presence  of  farinaceous  substances  may  be  thus  ascertained. 
The  precipitate  obtained  after  the  solution  of  the  sugar  in  cold  water 
should  be  treated  with  a  little  iodine;  or,  better  still,  it  may  be 
examined  with  the  microscope,  and  the  characters  of  the  starch  cor- 
puscles determined.  The  quantity  of  starch  present  may  be  ascertained 
by  collecting,  drying,  and  weighing  the  residue,  or  by  its  conversion 
into  glucose  by  means  of  dilute  sulphuric  acid  in  the  manner  described 
under  '  Flour.' 

Starch  sugar  is  chemically  identical  with  grape  sugar  ;  and  since,  as 
we  have  shown,  this  description  of  sugar  is  present  to  some  extent  in  all 
the  brovni  sugars  of  commerce,  it  is  evident  that  the  analysis  necessary 
to  enable  the  chemist  to  state  whether  the  sugar  is  adulterated  with 
starch  sugar  or  not  must  be  a  quantitative  one,  and  that  he  is  only 
justified  in  concluding  that  a  sugar  is  adulterated  Avith  that  substance 
when  the  proportion  discovered  forms  a  considerable  percentage  of  the 
whole  article. 

The  process  for  the  detection  and  estimation  of  this  description 
of  sugar  vrill  be  found  described  imder  the  head  of  '  The  Analysis  of 
Sugar.' 

We  now  come  to  notice,  generally  and  very  briefly,  the  methods 
whereby  the  alleged  mineral  adulterations  of  sugar  may  be  deter- 
mined. 

Carhonate  of  lime  or  chalk  will  be  sufficiently  discriminated  by 
its  insolubility  in  water  and  its  effervescence  on  the  addition  of  acids, 
but  the  full  details  of  the  process  necessary  for  the  exact  identification 
and  estimation  of  this  substance  will  be  found  described  in  the  article 
on  '  Water.' 

Sulphate,  of  lime  or  gyjismn  may  be  estimated  after  its  solution  in 
hydrochloric  acid  by  precipitating  the  sulphm-ic  acid  by  means  of 
chloride  of  barium  and  the  lime  by  oxalate  of  ammonia,  as  elsewhere 
more  fully  described. 

Bone  eaHh  or  phosphate  of  lime  is,  of  course,  insoluble  in  water,  and 
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■will  collect  at  the  bottom  of  the  vessel.  If  now  it  he  separated  hy 
filtration  and  treated  with  a  little  nitrate  of  silver,  it  will  become  of  a 
bright  yellow  colour,  or  it  may  be  esthnated  after  its  solution  in  nitric 
acid  in  the  manner  described  in  the  articles  on  '  Tea  '  and  '  Water.' 

The  method  for  the  detection  and  estimation  of  chloride  of  sodium 
will  also  be  found  fully  stated  in  the  article  on  '  Water.' 

Lastly,  the  sand  is  distinguished  by  its  insolubility  in  mineral, 
acids,  and  it  may  be  readily  dried  and  weighed. 


COLOURED  SUGAR  CONFECTIONERY. 


251 


OHAPTEE  IX. 
COLOURED  SUGAR  CONFECTIONERY. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  substances  added  for  the  sake  of  bulk,  -whether  vegetable  or 
mineral,  such  as  plaster  of  Paris,  chalk,  starch,  &c. ;  any  poisonous  or  injurious 
colounng  matter,  whether  mineral  or  vegetable,  such  as  combinations  of  arsenic 
antimony,  copper,  lead,  mercury,  iron,  or  aniline  colours  contaminated  with 
arsenic. 

TiCE  adulteration  of  articles  of  siigar  confectionery  is  a  subject  of  the 
very  gi-eatest  importance  in  a  sanitary  point  of  view :  that  it  must  he 
so  IS  evident  when  we  consider  the  poisonous  chai-acter  of  many  of 
the  suhstances  used,  and  also  the  large  consimiption  of  these  articles 
especially  by  childi-en  and  yoimg  persons.  ' 
^  .  That  these  articles  are  subject  to  gross  and  injm-ious  adulteration 
has  long  been  known,  and  the  subject  is  particularly  referred  to  even  by 
Accum  and  other  early  writers  on  adulteration.  Dr.  O'Shaughnessy 
in  the  preface  to  a  paper  on  coloured  sugar  confectionery,  published 
m  the  Lancet,  in  18^3,  made  these  remarks : — 

'  In  the  following  observations  it  is  my  principal  aim  to  lay  before 
the  public  and  the  medical  profession  a  calm,  dispassionate  statement 
oi  the  existence  of  various  poisons  (gamboge,  lead,  copper,  mercury, 
aud  chi-omate  of  lead)  in  several  articles  of  confectioneiy,  the  prepara- 
tion of  which,  from  their  peculiar  atti-actions  to  the  younger 
branches  of  the  community,  has  gi-own  into  a  separate  and  most  ex- 
tensive branch  of  manufacture.  I  am  fully  aware  of  the  hazardous 
task  that  individual  undertakes  who  ventiu'es  in  this  couuti-y  to  sig- 
nalise such  abuses.' 

THE  ADtriTEEATIONS  OP  SUGAR  CONPECTIONEET. 

Of  all  the  chief  varieties  of  articles  of  sugar  confectionery,  we 
have  subjected  some  hundreds  to  both  microscopical  and  chemical 
examination,  but  we  here  give  the  results  only  of  the  analyses  of  101 
samples  made  some  time  back. 

rom  an  examination  of  this  series  of  analyses,  it  appears  :— 
Of  the  yellows — 

That  seven  were  coloured  with  lemon  cmiOME,  or  the  pale  variety 

of  CHROMATE  OP  LEAD. 

Vaa.tfive  were  coloured  with  oeange  chrome,  or  the  deep  variety 

of  CHROMATE  OP  LEAD. 
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That  forty-seven  were  colom-ed  with  the  bright  or  canary-coloured 
variety  of  chromate  of  lead. 

That  eleven  of  the  samijles  were  coloured  with  gamboge. 

While  the  colour  of  the  majority  of  the  ahove  samples  was  con- 
fined to  the  surface,  in  many  other  cases  it  ^vas  diifused  equally 
throughout  the  whole  mass  of  the  sugar  used. 

•  Of  the  reds— 

That  sixty-one  were  coloured  with  orynnio  jnnk  colouring  matters, 

consisting  in  most  cases  of  Coccus  Cacti,  or  cochineal. 
That  in  txvelve  of  the  samples  the  colom-ing  matter  was  red  lead, 

BED  OXIDE  OF  LEAD,  Or  MINIUM. 

That  in  six  cases  the  colouring  ingredient  consisted  of  vermilion, 

CINNABAPv,  or  BISULPHtTRET  OF  MERCtTBY, 

Of  the  hrowus — 

That  ciyht  were  coloured  with  hmon  ferriujinom  earths,  either 
Vandyke  brown,  umber,  or  sienna. 

Of  the  purples — 

That  two  samples  were  coloured  with  a  mixture  of  Anttcerp  blue, 
which  consists  principally  of  Prussian  blue,  and  an  organic  red 
pigment,  most  probably  cochineal. 

Of  the  blues— 

That  one  was  coloured  with  indiyo. 

That  eleven  were  coloured  with  Prussian  blue,  or  ferrocyamde  of 

iron.  1  •  1  •  3-c 

That  eleven  were  coloured  with  Antioerp  blue,  which  is  a  moclitica- 

tion  of  Prussian  blue.  _    j    c  n 

That  in  Jifteeii  samples  the  colouring  matter  consisted  ot  bERMAN 
OR  ARTIFICIAL  ULTRAMARINE,  which  IS  a  double  silicate  of  alu- 
mina and  soda  with  sulphm-et  of  sodium. 

Of  the  greens — 

That  Jive  samples  were  coloured  with  the  jwZe  variety  of  Bruns- 
wick GREEN. 

That  four  were  coloured  with  middle  Brunswick  green. 
That  one  was  coloured  with  the  deep  variety  of  Brunswick  green. 
These  greens  consist  of  a  mixtiu-e,  in  diflerent  proportions,  ot  tlie 
cnROMATES  OF  LEAD  and  Prussian  blue. 

That  one  sample  was  colom-ed  with  verduier  or  carbonate  of 

COPPER.  , 

That  nine  were  coloured  with  Scheeles  green,  emerald  green, 

or  AR9ENITE  OF  COPPER.  . 

That  in  four  of  the  samples  the  colours  u,=ed  were  painted  on  witli 
wniTE  LEAD  or  CARBONATE  OF  LEAD.  This  was  the  case  lu  aU  the 
cake  ornaments. 
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It  furtlier  appears  from  tlie  above  analyses — 

That  thirteen  of  the  samples  were  adulterated  with  hydrnted  ml- 
phafe  of  lime,  the  quantity  Tarying  from  4'3  to  43'66  per  cent. 

That  tiventy-one  of  the  samples  were  adulterated  with  difl'erent 
hinds  of  Jlour,  in  quantities  varyinf?  from  1  '66  to  25*56  per  cent. 
In  seventeen  samples  the  farina  consisted  of  xolieatjiour ;  in  three, 
o{  potato  Jlour,  and  in  one,  of  JEast  India  arro2oroot. 

The  above  colom-s  were  variously  combined  in  diiJerent  cases ;  as 
many  as  three,  fom*,  live,  six,  and  even  seven  coloixrs  occurring  in  the 
same  parcel  of  confectionery,  including  three  and  even  four  poisons. 

The  following  specimens  are  of  this  kind  : — 

Sugar  seeds. — The  colours  of  one  sample  of  sugar  seeds  were 
crimson,  pale  jnnk,  light  blue,  dull  c/reenish-hlue,  light  grass-green, 
orange-gellojv,  and  lemon-yelloio,  intermixed  with  white  globules.  The 
coloming  ingredients  employed  were :  for  the  crimson  and  pink,  the 
usual  non-metallic  red;  for  the  blue,  Antwerp  blue;  for  the  dull, 
greenish-blue,  verditee,  containing  lead  ;  for  the  grass-green,  pale 
Brtjns-wick  green  ;  and  for  the  orange  and  bright  yellows,  the  orange 
and  yellow  chromates  op  lead,  in  large  quantity.  Ash,  light  reddish- 
brown,  1-06  per  cent. ;  matter  insoluble  in  water,  chiefly  xoheat  fiour, 
9'60  per  cent. 

Thus  no  less  than  three  active  poisons  containing  lead  and  copper 
were  present  in  this  sample  in  considerable  amount. 

Bog  and  hare. — The  nose  and  ears  of  the  dog,  and  the  tongue  of 
the  hare,  were  coloured  bright  red  vdth  VBRJOLioisr.  The  body  of  the 
dog  is  spotted  with  large  patches  of  gamroge  and  hirnt  umber,  as  also 
■was  the  figm-e  of  the  hare  which  lay  at  its  feet;  while  the  green 
pigment  on  the  base,  of  which  there  was  a  veiy  large  quantity,  con- 
tained OHROMATE  OP  LEAD,  and  consisted  of  the  pale  variety  of  Brusts- 
wiCK  GREEif.    Ash,  darlv  reddish-brown,  2-0  per  cent. 

Mixed  sugar  ornaments. — The  confectionery  in  this  parcel  is  made 
up  into  a  variety  of  forms  and  devices,  as  hats,  jugs,  baslcets,  and 
dishes  of  fruit  and  vegetables.  One  of  the  hats  is  coloured  yellow 
with  CHROJiATE  OF  LEAD,  and  has  a  green  hatband  aroimd  it  coloured 
with  ARSEXiTB  OF  COPPER ;  a  second  hat  is  white,  with  a  blue  hatband, 
the  pigment  being  Prussian  blue.  The  baskets  are  coloured  yellow 
with  CHROMATE  OP  LEAD  ;  into  the  colouring  of  the  pears  and  peaches 
the  usual  non-metallic  red  pigment,  chromate  op  lead,  and  middle 
BKrNswiOK  GREEif,  enter  largely ;  while  the  carrots  represented  in  a 
dish  are  coloured  throughout  with  red  oxide  op  lead,  and  the  tops 
with  the  same  green.  This  is  one  of  the  worst  of  all  the  samples  of 
coloured  sugar  confectionery  submitted  to  analysis,  as  it  contains  no 
less  than  four  deadly  jwisom. 

Twelfth-cahe  ornaments. — The  ornaments  in  this  parcel  consisted 
of  a  ship  in  full  sail,  a  duclf,  a  fox,  and  a  bunch  of  flowers,  the  prin- 
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cipal  colours  being  green,  yellow,  red,  and  brown  ;  the  chief  pigments 
employed  are  chromate  op  lead,  red  oxide  of  lead  or  red  lead, 
VERMILION,  sienna,  and  arsenixe  of  copper  :  these  being  present  in 
poisonous  quantity. 

It  wiU  be  observed  that  the  list  of  colom-ing  matters  above  enume- 
rated includes  some  substances  of  an  injiu-ious  character,  and  many 
which  are  amongst  the  most  virulent  and  deadly  of  the  mineral  poisons. 
Of  those  which  may  be  considered  as  more  or  less  injurious  are  ferro- 
cyanide  of  iron  or  Prussian  blue,  Anhuer^i  blue,  gamboge,  and  German 
or  artificial  ultramarine.  Amongst  those  which  are  deadly  and  poison- 
ous, are— the  three  chrome  yellows  or  chromates  op  lead  ;  red 
lead  or  red  oxide  of  lead;  white  lead  or  carbonate  op  lead; 
vermilion  or  bisulphuret  of  merctjrt  ;  the  three  Brunsavick 
GREENS ;  verditer  or  carbonate  0  ?  copper  :  and  emerald  green, 
Schbele's  green,  or  arsenite  of  copper. 

Other  articles  which  have  been  stated  to  be  used  in  the  colom-ing 
of  sugar  confectionery,  and  most  of  which  we  have  ourselves  detected, 
are  clay,  chalk,  Naples  yelloio,  sulphuret  of  arsenic,  massicot  or  oxide 
of  lead,  acetate  and  oxychloride  of  copper. 

It  may  be  alleged  by  some  that  these  substances  are  employed  in 
quantities  too  inconsiderable  to  prove  injm-ious  ;  but  this  is  certainly 
not  so,  for  the  quantity  used,  as  is  amply  indicated  in  many  cases  by 
the  eye  alone,  is  often  very  large,  and  sufficient,  as  is  proved  by  niun- 
berless  recorded  instances,' to  occasion  disease,  and  even  death.  It  shoidd 
be  remembered,  too,  that  the  preparations  of  lead,  mercm-y,  copper,  and 
arsenic,  are  what  are  termed  cumulative — that  is,  they  are  liable  to  ac- 
cumulate in  the  system  little  by  little,  imtil  at  length  the  fidl  effects  of 
the  poisons  become  manifested,  "injurious  consequences  have  been  Imown 
to  result  from  merely  moistening  wafers  with  the  tongue  ;  now,  the  in- 
gredients used  for  colouring  these  include  many  that  are  employed  in 
sugar  confectionery:  how  much  more  injmious  then  must  theconsimip- 
tion  of  sugar  thus  painted  prove, when  the  pigments  are  actuallyreceived 

into  the  stomach !  ,     , ,  ,       i       .  •,       j  j- 

That  deadly  poisons,  like  the  above,  should  have  been  daily  used  tor 
the  mere  sake  of  imparting  colour  to  articles  of  such  general  consump- 
tion as  sugar  confectionery— articles  consimied  chiefly  by  children, 
who  from  their  delicate  organisation  are  much  more  susceptible  than 
adults— is  both  surprising  and  lamentable.  It  is  sm-prismg,  on  the 
hand,  that  the  manufactiuers  of  these  articles  should  have  been  so 
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reckless  as  to  employ  them  ;  and,  on  the  otlier,  that  the  authorities 
should  have  tolerated  their  use.  . 

Dr  Thomson  furnished  the  Parliamentary  Committee  on  Adultera- 
tion, in  1855,  with  the  following  particulars  regarding  the  adulteration 
of  suo-ar  confectionery  with  terra  alba  or  sulphate  of  lime  :  — 

'  I  procured  from  a  great  manufactorv  of  those  substances  specimens 
at  different  prices.  There  were  about  ten  different  samples,  of  which 
I  have  the  det<ai]s  here ;  I  will  first  speak  of  what  are  caUed  mints,  at 
Id  a  pound ;  they  contained  3-03  per  cent,  of  a  substance  which  is 
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sold  under  tlie  name  of  terra  alba.  This  terra  alba  I  found  to  be 
plaster  of  Pans.  The  second  sample,  at  84s.  per  cwt.,  contained  20-84 
per  cent,  of  terra  alba.  The  third  was  caraways,  at  5d.  a  pound  and 
contamed  27;82  of  terra  alba.  The  fom-th,  another  specimen  of  car-" 
aways,  at  8d.  a  pound,  contained  19-22  per  cent,  of  terra  alba  The 
sixth,  ahnonds,  at  lOd.  a  pound,  contained  -96  per  cent,  of  ten-a  alba 
The  seventh,  another  sample,  at  8d.  a  poimd,  contained  7-02  per  cent' 
of  terra  alba.  The  eighth  sample,  at  8d.,  contained  22-76  of  terra 
alba.  Easpbemes,  at  9d.  a  pound,  contained  7-76  of  terra  alba.  Sti-aw- 
berries,  at  9d.  a  pound,  contained  8-28  per  cent,  of  terra  alba  ' 

_  Mr.  Gay  states,  in  the  course  of  his  evidence  before  the  above  Com- 
mittee : — 

'I  beUeve  many  articles  of  confectionery  are  adulterated  :  I  think 
caraway  comfits  are  very  extensively  adulterated,  and  also  manv  of 
the  peppermint  lozenges.  I  believe  the  basis  of  both  those  and  cori- 
ander and  ahnond  comfits  are  floiu-;  after  the  seeds  are  put  into  the 
pan,  a  little  syi-up  is  thrown  over  them,  and  that  is  dusted  over  with 
either  oi-wkdmc/,  or  plaster  of  Paris  ;  a  pretty  strong  coat  is  put 
over  them  m  this  way,  and  then  they  are  finished  with  a  stronger  and 
better  syrup.  ° 

White  lead  used  iji  sug-ar  cake  ornaments  is  itself  often  extensively 
iidultera.tei  with  sulij/iate  of  baryta.  ^ 
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^    Further,  many  articles  of  sugar  confectionery  are  flavoiu-ed  with 
essences  which  are  often  of  an  injm-ious  and  even  dangerous  character, 
from  and  many  of  them  being  prepared 

The  most  hnportant  of  these  are  ethers,  belonging  to  the  mon- 
atomic  senes  as  acetate  of  ethyl,  GMfifi^Tifi;  %uiyrate  of  ethyl, 
O^ld  U,0  H  O,  or  essence  of  pme-apples;  a  similar  compound  is  formed 
vnth  methyl  having  he  hke  odour  of  the  pine-apple ;  acetate  of  amyl 

Ll^oT^  ^^'^f^t?'^P'"':^^^^^^^^  X-eVm«^a  of  Lyl  or 

3  t  }^'  ^^^""^^^sHnO  They  are  aU  prepared  by  distilling  a  mix- 
ture of  the  respective  acids  and  alcohols  with  oil  of  vitriol 

In  reference  to  the  use  of  these  essences,  much  information  will  be 

\Zi  Tt^^^  P^^''  ^'^^^^'^       Parliamentary  Committee  on 

Adulteration  of  1855,  already  so  frequentlv  referred  to. 

^..r.\  Tii^'          Pi-ofessor  Taylor,nhat  some  of  the  Jargonelle 

pear  drops  and  the  ribstone  pippin  drops  have  produced  drowsiness  and 
■ITZ  '° '^^i^^^''^"-  It  ^V''°  ^position  on  the  public  to  sell  in  this  way 
a  chemically  flavoured  substance  under  another  name  ' 
bv  Llt"^  fffryant  fruity  essence  may  be  produced  from  rotten  cheese, 
by  treatment  with  sulphuric  acid  and  bichromate  of  potash 

Another  essence  extensively  used  for  flavouring  sweetmeats  and 
S°tS'I/V'"^'^'>  n'^fk^  oil  of  almonds,  essence  of  peach  kernels 
or  hydnde  of  benzoyl,  O.llfi.     It  is  obtained  by  distilling  bitter 
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almond  cake  with  water,  and  it  contains  from  six  to  twelve  per  cent, 
of  prussic  or  hydrocyanic  acid,  GUN,  but  is  most  variable  in  its  strength. 
As  smaU  a  quantity  as  twenty  drops  has  been  known  to  occasion  death. 
*  There  is  another  compound  of  prussic  acid,  called '  ahnond  havour ; 
it  contains  about  one  drachm  of  the  essential  oil  to  seven  drachms  ot 
spirit,  but  its  strength  varies  very  much.  Many  fatal  cases  have  re- 
sulted from  the  use  of  this  flavouring  substance. 

The  prussic  acid  in  these  preparations  is  not  essential  to  their 
flavour,  and  might  with  a  little  care  be  readily  separated,  so  that,  as 
Professor  Taylor  remarks  in  his  evidence  before  the  Parhamentary 
Committee  on  Adulteration,  '  there  is  no  excuse  for  seUmg  prussic 
acid  in  these  compounds  but  laziness  and  ignorance. 

For  fm-ther  information  respecting  '  Ai-tificial  Frmt  Essences,  the 
reader  is  referred  to  the  article  on  '  Jams  and  Preserves.' 

Poisonous  pcipers  used  as  lorappers  of  sugar  confectionery —hasUj, 
the  papers  in  which  the  ornaments  are  wi-apped  are  Irequently  coloui-ed 
with  various  poisonous  pigments-a  practice  which  ought  to  be  tor- 
bidden,  since  childi-en  are  very  apt  to  put  these  papers  m  their  mouths 

'''''^Ll'^ome^'^ther  countries,  as  France,  Belgium,  and  Switzerland, 
manufacturers  of  sugar  confectionery  have  long  been  fo^^ifden  to  use 
iuiurious  colom-ing  ingredients  imder  severe  penalties.  Sellers  ot  these 
articles  in  Paris  are  also  obliged  to  put  their  nanies  on  every  parcel  of 
confectionery  they  sell;  they  are  bed  responsible  for  all  acc^ents 
which  may  arise  from  their  consumption,  and  they  are  even  forbidden 
to  wi-ap  the  articles  in  coloiu'ed  papers.       ^       ,  ,    ^  -r,   ■  „ 

FoUowing  the  example  of  the  OouncU  of  Health  of  Paris,  we  now 
furnish  two  lists,  one  of  colours  the  use  of  which  -ay  be  pei-jmtt^^^^ 
and  the  other,  of  those  coloms  the  employment  of  which  -honld  be 
sSctlv  prohib  ted,  on  the  ground  that  they  are  all  more  or  less  dan- 
gerou^to  Se  public  health,°and  most  of  them  absolutely  poisonous 

List  of  Colours,  the  Use  of  which 
should  be  pirohibited. 

Yellows. 


List  of  Colours,  the  Use  of  ivhich 
may  be  permitted. 

Yellows. 
Saffi-on. 
Turmeric. 
French  berries. 
Lake  of  ditto,  or  yellow  lake. 
Persian  berries. 
Lake  of  ditto. 
Quercitron  bark. 
Lake  of  ditto. 
Fustic  wood. 
Lake  of  ditto. 


Gamboge. 

The  three  chrome  yellows,  or 

chromates  of  lead. 
Massicot,  or  protoxide  of  lead. 
Yellow  orpiment,  or  sulphm-et  of 

arsenicum. 
King's  yellow,  or  sulphuret  of 

arsenicum,  with  lime  and  sul- 

phiu'. 
Iodide  of  lead. 

Sulphuret  of  antimony,  or  Naples 

yellow. 
Yellow  ochre. 
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List  of  Colours,  the  Use  of  which 
may  be  pennitted. 

Reds. 

Cocliineal. 
Lakes  of  ditto. 
Carmine  and 
Brazil  wood. 
Lakes  of  ditto. 
Pink  madder  lake. 


PUEPLES. 

Madder  pm-ple. 
Logwood  and  indigo. 
Any  of  the  lakes,  with  indigo  or 
litmus. 


Bltibs, 


Indigo. 
Litmus. 


Greens. 

Sap  green  (juice  of  Rhamnus'ca- 

tharticus). 
Yellow  lake,  or  French  berries, 

and  indigo. 


List  of  Colours,  the  Use  of  ^ohich 
should  be  prohibited. 

Reds. 

Red  lead,  minium,  or  red  oxide 
of  lead. 

Vermilion,  or  hisulphuret  of  mer- 
cmy. 

Red  orpiment,  realgar,  or  hisul- 
phuret  of  arsenic. 

Iodide  of  mercury. 

Red  ferruginous  earths,  as  Vene- 
tian red,  &c. 

Brows. 

Vandyke  hrown. 
Umher. 

PlTRPIES. 

All  pm-ples  resulting  fi-om  the 
mixtm-e  of  any  of  the  prohibited 
reds  or  blues. 

Blues. 

Prussian  blue,  or  ferrocyanide  of 

iron 
Indigo. 

Antwerp  blue,  a  preparation  of 

Prussian  blue. 
Cobalt. 

Smalt,  a  glass  of  cobalt. 

Blue  verditer,  or  sesquicarbonate 
of  copper. 

Ultramarine,  a  double  silicate  of 
alumina  and  soda,  with  sulphu- 
ret  of  sodiimi. 

German  or  artificial  ultramarine, 
which  resembles  in  its  compo- 
sition natm-al  ultramarine. 

Greens. 

The  three  false  Brimawick  greens, 
being  mixtures  of  the  chromates 
of  lead  and  indigo. 

Mineral  green,  green  verditer,  or 
subcarbonate  of  copper.  ' 
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List  of  Colours,  the  Use  of  which 
may  be  permitted. 

Greens. 

Any  of  tlie  vegetable  yellows,  or 
lakes,  with  indigo,  including 
Persian  berries  and  indigo. 
Ohs.  —  Of  the  above  colours 
one,  Srt^j  green,  is  certainly  liable 
to  injurious  adulteration,  and  it  is 
stated  that  litmus  is  so  likewise. 


List  of  Colours,  the  Use  of  which 
should  be  prohibited. 

Greens. 

Verdigris,  or  diacetate  of  copper. 
Emerald   green,  or  arsenite  of 
copper. 

The  true  Brunswick  ereens.  or 


greens 
oxychlorides  of  copper. 
False  verditer,  or  subsulphate  of 
copper  and  chalk. 

The  various  Bronze  Powders. 
Gold,  silver,  and  copper  bronzes ; 
these  consist  of  alloys,  in  differ- 
ent proportions,  of  copper  and 
zinc. 

White  lead,  or  carbonate  of  lead. 

A  great  variety  of  coloiu-s  are  now  prepared  from  coal  tar,  nearly 
everv  tint  being  imitated.  Against  the  employment  of  these  dyes,  m- 
cludW  the  aniline  di/es,  there  is  little  to  be  urged,  provided  they  are 
pure  Unfortimately,  however,  they  are  frequently  contaminated  ^^th 
arsenic,  and  hence  their  indiscriminate  use  is  much  to  be  condemned. 

By  an  examination  of  these  lists,  it  will  be  perceived  that  nearly 
all  the  substances  formerly  employed  by  the  manufacttu-ers  of  co- 
loured sugar  confectionery  belonged  to  the  second  or  prohibited  list. 
Even  the  first  list  contains  the  names  of  two  or  three  coloiu-s,  the  use 
of  which  is  not  wholly  free  from  objection_as  indigo,  litmus  and  sap 
ffreen :  the  two  latter  in  consequence  of  their  liability  to  adulteration 
Genuine  litmus,  being  a  vegetable  coloui-,  is  of  course  harmless;  but 
its  use  is  rendered  obiectionable  from  its  being  fi-equently  adulter- 
ated, according  to  M.  Andral,  with  common  arsenic  and  peroxide  of 

"^Y^m  xiltramarine,  in  contact  with  an  acid  sulphuretted  hydrogen 
is  freely  liberated  ;  and  this  liberation  no  doubt  takes  place  readily  m 
the  stomach  when  any  confectionery  coloured  by  this  pigment  is  par- 
taken of  :  hence  the  use  of  this  pigment  is  objectionable.  _ 

The  danger  of  colouring  articles  of  sugar  confectionery  ari^«> 
merelvfi-om%he  wilful  employment  of  substances  of  k-nown  hurtM- 
ness  but  also  from  their  use  through  ignorance  and  accident,  ihe 
excuse  of  Snorance  may  tell  somewhat  in  favour  of  manufactnrers 
who  in  some  cases,  may  not  be  aware  of  the  deadly  nature  of  the 
Trticles  whkh  they' daily  use,  Iniowing  them  by  their  common  or 

^'^Ttwts  recorded  in  these  analyses  are  ^^l/ ^J-^l^, 
character,  and  we  can  well  remember  the  time  when  the  state  of  things 
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we  have  here  portrayed  was  even  worse.  Of  late  years,  however  oreat 
improvement  has  taken  place  in  the  colouring  of  articles  of  suoar  con- 
fectionery, and  now  it  is  by  no  means  common  to  meet  with  verdio-ris 
or  acetate  of  ocpper,  with  the  verditers  or  carbonates  of  copper,  or 
with  mineral  green  or  arsenate  of  copper,  all  of  which  are  virulent 
poisons. 

A  few  of  the  cases  of  poisoning  resulting  from  the  use  of  coloured 
Biigai-  confectionery  will  be  found  recorded  in  '  Food  and  its  Adul- 
terations.' 


THE  BETECTIOIf  OP  THE  ADTOTEEATIONS  OP  STJGAE  CONPECTIONERY. 

We  will  now  proceed  to  give  some  brief  directions,  which  may 
prove  of  assistance  to  others  who  may  desire  to  analyse  for  themselves 
any  suspected  samples  of  colom-ed  confectionery.  We  shall,  however 
confine  oiu-  directions  chiefly  to  the  detection  of  those  substances 
which  we  have  om'selves  discovered  in  the  different  samples  subjected 
to  examination.  From  the  large  number  of  analyses  which  we  have 
made,  and  the  results  of  which  we  have  already  made  known,  the 
pigments_  detected  will  embrace  certainly  all  the  most  important  of 
those  which  are  ordinarily  employed  in  the  coloration  of  confectioneiy. 

Of  the  colom-s  used,  some  are  soluble  in  water,  and  others  in- 
soluble ;  the  former  include  nearly  all  the  vegetable  colours,  and  the 
latter  most  of  the  mineral  colours.  In  this  particular,  therefore,  there 
is  a  broad  distinction  between  vegetable  and  mineral  colouring  mat- 
ters, which  will  be  found  very  useful  in  guiding  us  in  our  subsequent 
operations. 

In  the  majority  of  cases  there  is  but  one  colom-ing  matter  present, 
and  this  is  usually  confined  to  the  surface  of  the  various  articles  of 
confectioneiy,  while  in  other  cases  different  colom-s  are  used  in  the 
same  article.  When  the  colour  is  confined  to  the  surface,  it  is  readily 
removed  by  washing  in  distilled  water,  from  which,  if  mineral  or  in- 
soluble, it  will  usually  be  'precipitated  after  standing  for  some  time, 
and  it  may  then  be  obtained  in  an  almost  unmixed  state,  and  weighed. 
When  the  colour  is  diffused  throughout  the  whole  of  the  article,  the 
same  end  can  be  accomplished  by  dissolving  it  in  water ;  the  sugar 
will  be  removed  by  the  water,  and  the  colouring  matter  will  subside. 
But  should  the  article  contain  starch,  or  any  other  insoluble  substance, 
It,  of  course,  goes  down  with  the  colom-ing  matter.  When  different 
colours  occur  in  the  same  article,  they  must  each  be  separately  washed 
and  tested. 

In  many  cases  a  shorter  method  of  proceeding  than  the  above  may 
be  adopted.  The  confectionery,  when  it  is  supposed  to  be  coloured 
■with  a  fixed  metallic  salt,  may  be  incinerated  in  a  capsule,  and  the  ash 
tested. 

Nearly  all  the  pigments  used  may  be  refeiTed  to  one  or  other  of 
the  following  colours :  red,  ijellow,  blue,  (/reen,brmvn,  and  purple;  other 
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tints  occur,  which  are  formed  by  various  combinations  of  the  primary 
colom's. 

Vegetable,  Animal,  and  Mine^-al  Reds. 
If  the  red  or  pink  colouring  matter  be  of  a  veyetuhle  ukImk,  or  in- 
deed if  it  consist  of  Coccus  cacti  or  cochiyieal,  this  may  be  ascertained 
by  simply  immersing  a  small  portion  of  the  colom-ed  comht  or  ozenge 
in  a  solution  of  caustic  potash,  and  another  piece  in  acetic  acid  -  if  it 
be  a  veoetable  colom-,  or  the  animal  colouring  matter  cochineal,  it  wiU 
become%urplish  in  the  alkaline,  and  briUiant  red  m  the  acid  solution 
If  the  colour  be  not  thus  affected,  then  there  is  reason  to  suppose  that 
it  is  a  mineral  colouring  matter,  most  probably  either  red  lead  or  ver- 
milion. Inasmuch  as  many  red  and  pink  comfits,  &c  are  colom-ed  with 
'^on  metallic  colourin-  matter,  it  is  as  weU  to  try  them  all  m  this  way 
In  t^htt  instnce,  and  so  sa;e  ourselves  the  trouble  of  analysing  each 

'"■^t^.7S-^he  red  o.vide  of  lead  maybe  obtained  either  by 

washiuo'  or  bv  incinerating  the  comfits. 

If  we  deLe  simply  to  ascertain  whether  the  red  pignaent  consist 

of  lead  or  not  we  have  only  to  treat  it  with  a  drop  or  so  of  nitnc  acid, 
fnc  to  adrsubTequently  a  little  solution  of  sulphm-etted  hydrogen ; 
these  reao-ents  may  often  be  applied  to  the  pigment  upon  the  article 
of  SAr  confectionery,  by  which  means  we  are  enabled  to  ascertain 
t  tZ^Zof^^^^^i^l  the  colouring  -'-^"er  consist  of  or  contain 
lead  or  not.  We  may  proceed  in  the  same  way  to  detect  the  lead  in 
mtssicorin  the  chromates  of  lead,  either  pm-e  or  when  mixed  w^ith 
?mssian  blue,  as  in  the  different  Brunswick  greens  only  that  m  the 
Sse  Tthe  chromates  and  Brunswick  greens  it  is  best  to  use  hydro- 

^'^tetve^^eS 

wiA  c^sX  of  red  lead,  we  have  nothing  more  to  do  than  to  dry 
But  m  some  cases  "    "n  ^oggibie  to  obtain  the  preparation 

weighed,  and  the  lead       uMed  ^om^t^  ^^^^^ 

"^^'"llTditoted^S^^^  «f  lime,^the  lead  may  escape 

the  sugar  be  ^^i^^J^^Jf  ..^^J^^uer,  in  consequence  of  its  being  con- 
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witli  water,  is  to  be  treated  with  a  solution  of  ammoniacal  tarti-ate  of 
ammonia,  by  wliich  means  the  sulphate  of  lead  is  taken  up,  and  may- 
be precipitated  by  means  of  sidphm-etted  hydrogen. 

The  b-is'idjj/iuret  of  merctvry  or  verinilion,  after  being  obtained  in  as 
pure  a  state  as  possible  by  washing,  must  be  dissolved  in  niti-o-hydro- 
chloric  acid,  and  must  be  tested  in  the  manner  described  in  the  article 
on  '  Cayenne.'  It  is  no  micommon  thing  to  meet  with,  in  the  same  red 
pigment,  both  lead  and  mercmy,  vermilion  being  very  subject  to  adul- 
teration with  red  lead. 


Detection  of  the  Yelloto  Colours, 

The  yellows,  lilie  the  reds,  may  be  either  vegetable  or  mineral ;  but, 
contrary  to  what  was  found  to  be  the  case  with  the  reds,  the  yellow 
coloming  matters  employed  are  for  the  most  part  mineral,  consistino- 
frequently  of  lemons  or  orange-chromes,  both  these  being  chromates  of 
lead,  and  sometimes  of  either  Naples  yelloto  or  massicot. 

Mineral  yellotvs.— AM  the  yellows  shoidd  therefore  be  tested  for 
lead  in  the  fh-st  instance.  For  this  piu-pose  the  sm-face  of  the  comiit 
should  be  touched  with  hydrochloric  acid,  which  usually  destroys  the 
colour  at  once  if  it  be  a  salt  of  lead,  especially  a  chromate  ;  afterwards 
a  drop  of  a  solution  of  siilphm-etted  hydrogen  should  be  applied  to  the 
same  spot  as  the  acid,  when,  if  lead  be  present,  it  will  become  more  or 
less  black  according  to  the  quantit;^^  If  the  pigment  contain  lead,  in 
aU  probability  it  is  one  of  the  chi-omates,  and  if  not  one  of  these, 
massicot,  which  consists  of  the  protoxide  of  lead.  The  colour  of 
■Naples  yelloto  is  almost  sufficient  to  distinguish  it  from  the  chromates 
of  lead. 

Naples  yelloto,  or  suljjhuret  of  antimony,  may  be  thus  identified: — 
Dissolve  the  pigment  in  hydrochloric  acid,  add  tartaric  acid  diluted 
with  water,  treat  with  sulphui-etted  liydrogen,  when,  if  antimony  is 
present,  an  orange-red  precipitate  will  subside  very  difiereut  from  that 
of  sidphuret  of  arsenic. 

Vegetable  yellotus. — Those  articles  which  are  not  found  to  contain 
lead  should  be  subsequently  tested  for  gamboge,  which  is  the  next 
pigment  most  commonly  employed ;  and  'if  it  do  not  prove  to  be  this, 
then  a  portion  of  the  comfit  sliould  be  moistened  with  a  solution  of 
caustic  potash,  when,  if  it  become  decidedly'browned,  the  colom-ing 
matter  will  be  vegetable,  and  most  likely  ttii-meric,  saffron,  or  t/elloto  lake, 
which  is  usually  formed  from  the  colouring  matter  of  Frencli  berries 
thrown  down  by  alumina  or  lime,  but  it  may  be  made  from  any  vege- 
table yellow ;  these  vegetable  yellows  were  ibnnerly  not  so  frequently 
employed,  on  accoimt  of  their 'liability  to  alter  and  fade  on  exposure 
to  the  air  and  light. 

If  the  pigment  be  gamboge,  it  will  form,  with  distilled  water,  a 
yellowish  opaque  emulsion,  which  wiU  not  let  fall  any  deposit.  This 
emulsion  should  be  evaporated  to  dryness,  and  alcohol  added  to  the 
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residuum  ;  the  alcohol  will  talce  up  the  gamhoge,  and  when  water  i8 
added  to  the  solution,  the  gamhoge  will  he  precipitated.  If  to  the 
yellow  precipitate  a  drop  or  two  of  strong  ammonia  he  now  added,  it  • 
is  redissohed,  producing  a  hlood-red  solution,  from  which  it  is  pre- 
cipitated pale  yellow  hy  nitric  acid.  Turmeric  gives  nearly  the  same 
reactions,  and  therefore  much  care  is  requisite  to  discriminate  between 
the  two.  Turmeric  does  not  form  so  decided  an  emulsion  with  water 
as  gamhoge. 

The  Detection  of  the  Blue  Colours. 

The  hlues  may  he  also  either  vegetahU  or  mineral;  the  former 
include  litmus  and  indiqo;  and  the  latter,  Pnmicm  blue,  Antwerp  blue, 
the  two  verditers,  which  consist  of  carbonate  of  cojrper,  the  only  dit- 
ference  between  them  being,  that  the  paler  verditer  is  diliited  with 
lime  :  cobalt ;  smalt,  which  is  a  glass  of  colmlt  powdered  :  and  arUJiaal 
ultramarine,  which  is  made  in  imitation  of  true  ultramai-me  or 

^^^^^Veqetable  6/?/,es.-The  vegetable  blue,  litmus,  is  sufficiently  dis- 
tinguished by  its  becomirg  red  on  the  addition  of  weak  acids,  ihis 
pirnneut  is  manufactiu-ed  from  several  species  of  a  lichen  {Rocella), 
and,  when  genuine,  is  innocuous.  In  a  Report  of  M.  Audral,  ad- 
dressed some  years  since  to  the  Prefect  of  Police,  it  is  stated  that  some 
manufacturers  mix  common  arsenic  and  peroxide  of  mercm-y  with 
litmus,  and  M.  Andral  therefore  considers  that  its  use  m  the  colom-ing 
of  sweet  confectioneiy  should  be  prohibited. 

Imliqo  is  sufficiently  distinguished  by  its  subliming  m  dense  Aiolet 
Tarours  when  heated,  by  forming  a  blue  solution  with  concentrated 
sulphm-ic  acid,  and  by  its  remaining  imchanged  m  allvahes.  _ 

Mineral  blues.-'i^e  colom-  oi  ferrocya^nde  of  irm,  ot  Prussian 
blue,  is  immediately  discharged  on  the  addition  of  the  caustic  alkalies, 
the  iron  beino-  throW  down  in  the  state  of  peroxide,  when  if  necessary, 
the  iron  may  be  coUected  and  weighed ;  the  colom- is  also  deslToyed 
by  incineration,  the  red  oxide  of  iron  only  bemg  left,  which  may  be 
weio-hed  and  calculated  into  Prussian  blue. 

Anttverp  blue  is  Prussian  blue,  the  colour  of  which  is  rendered 
■  liohter  and  brighter  in  consequence  of  it^  di  ution  with  some  colour- 
ess  material,  usually  challc  The  tests  for  Antwerp  blue  are  ther^ 
fee  he  same'  as  for  Prussian  blue,  those  for  carbonate  oi  bme  orch^Ok 
beino-  superadded.  This  and  the  preceding  pigment  is  in  general 
sufficiently  distinguished  by  adding  a  drop  or  so  of  solution  of  am- 
monia or  potash  dh-ect  to  them  upon  the  sugar,  these  reagents  at  once 
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copper,  and  the  metliod  by  wliicb  it  may  be  determined  quantitatively, 
will  be  foimd  described  imder  the  head  of  '  Pickles.' 

The  remaining  blue  pigments,  cobctlt,  smalt,  and  ultramwine,  are 
distinguished  by  their  colom-  being  fixed  ia  the  fire,  so  that  the  ash 
of  sugar  articles  coloured  with  any  of  these  substances  is  of  a  bright 
blue,  the  tint  varying  according  to  the  blue  used,  as  well  as  also  in 
consequence  of  admixtm-e  with  imcolom'ed  substances,  such  as  chalk, 
sidphate  of  lime,  or  pipeclay.  These  colom-s  are  somewhat  expensive, 
especially  the  true  ulti-amaiine,  but  they  are  of  such  intensity  that  a 
little  goes  a  great  way ;  there  is,  however,  a  cheap  kind  of  lUtrama-' 
rine,  sold  in  the  shops  as  German  or  French  ultramarine,  the  price 
being  about  sixpence  per  oimce,  and  it  is  this  blue  pigment  which 
is  chiefly  employed  in  the  colomdng  of  sugar  confectionery.  It  con- 
sists of  a  double  silicate  of  alumina  and  soda  with  sulphiu-et  of  sodiiun, 
and  it  may  be  distinguished,  when  free  from  admixtm-e  with  other 
substances,  by  adding  to  it  a  little  hydrochloric  acid,  and  observing 
the  odour  of  sulphuretted  hydrogen  evolved.  This  method  of  dis- 
crimination is,  in  the  case  of  colom-ed  sugar  confectionery,  for  the  most 
part  inapplicable,  since  sidphuretted  hydrogen  is  almost  invariably 
thrown  off  whenever  hydrochloric  acid  is  added  to  the  ash  left  on  the 
incineration  of  most  articles  of  sugar  confectionery.  The  pigment 
ought  therefore  to  be  procured  in  a  separate  state,  by  washing,  and 
the  acid  applied  to  it  when  dry. 

The  Detection  of  the  Ch'een  Colours. 

Vegetable  greens. — Of  the  greens,  there  is  but  one  vegetable  green 
used — namely,  saji  green.  This  is  prepared  from  the  green  berries 
of  the  buckthorn,  Rhamnus  catharticus ;  but  its  use  is  to  be  objected 
to  on  account  of  its  frequent  adulteration  with  green  metallic  pig- 
ments, containing  either  copper  or  arsenic,  in  order  to  heighten  its 
colour  and  render  it  more  permanent.  It  is  bleached  by  chlorine  and 
acids. 

Metallic  greens. — Of  the  metallic  greens,  some  are  simple  colours, 
while  others  are  composed  of  a  blue  and  a  yellow  mixed.  The  simple 
greens  are  acetate  of  copper  or  verdigris,  and  arsenite  of  copper,  emerald 
green  or  Scheel^s  green. 

Acetate^  of  copper  is  distinguislied  from  other  gi-een  salts  of  copper 
by  the  action  of  sulphuric  acid  ;  the  acetic  acid  is  liberated,  and  may 
be  detected  by  its  odour. 

Arsenite^  of  copper  is  best  recognised  by  means  of  the  arsenic,  of 
which  it  is  in  part  composed :  a  portion  of  the  colouiing  matter  sepa- 
rated from  the  sugar  by  washing,  when  peri'ectly  dry,  is  placed  in  a 
test-tube  open  at  both-  ends,  the  heat  of  a  spirit-lamp  being  applied 
outside  the  tube;  this  will  cause  the  arsenic  to  sublime,  and,  con- 
densing on  the  cool  side  of  the  tube,  it  forms  a  white  substance, 
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■whicli,  examined  with  a  low  power  of  the  microscope,  is  ascertained 
to  consist  of  minute  octahedral  crystals  of  arsenious  acid.  This  test  is 
perfectly  conclusive. 

The  compound  greens  ordinaiily  used  are  those  commonly  sold  as 
Brunsiuicli  c/rcens ;  they  are  the  coloui-s  usually  employed  in  mailing 
green  paintj  and  are  of  three  different  tints,  known  as  pale,  middle,  and 
deep  Brimswick  green.  They  consist  of  a  mixture, in  various  proportions, 
of  usually  Antioerp  blue,  but  somethues  ultramarine,  and  chromate  of 
lead.  When  obtained  in  any  quantity  from  the  confectionery,  and 
diffused  through  water  in  a  shallow  dish,  the  two  coloui-s  easily 
separate,  and  may  be  distinguished  by  the  eye  alone. 

They  may  usually  be  recognised,  without  the  trouble  ot  procm-ing 
them  in  a  separate  state  by  washing,  by  adding  reagents  direct  to  these 
pigments  as  they  cover  the  sugar  ornament.  If  ammonia  or  potash 
be  added,  the  green  coloiu:  disappears,  and  is  replaced  by  a  yeUow  ; 
that  of  the  Prussian  blue  being  destroyed  by  the  alkali,  the  chromate 
of  lead  comes  into  view  again;  if  the  pigment  is  touched  with  hydro- 
chloric acid  it  becomes  blue,  this  arising  from  the  solution  ot  the 
chromate  of  lead  by  the  acid.  These  are  ready  and  very  satisfactory 
tests  Other  compound  greens  are  occasionally  made  by  mixing  a 
yellow  pio-ment,  usually  pale  chrome,  with  one  or  other  of  the  verditers. 
The  true"  Brunswick  greens  are  oxychlorides  of  copper,  but  these, 
being  very  expensive,  are  seldom  employed.    _  ^,  ^, 

The  oxychlorides  of  copper  may  be  thus  distmgmshed  from  the  other 
ereen  salts  of  copper.  Dissolve  the  pigment  in  a  little  piu-e  and  dilute 
niti-ic  acid,  add  nitrate  of  silver,  when,  if  a  white  precipitate  ensue,  it 
consists  of  chloride  of  silver,  which  is  soluble  m  ammoma. 

The  Detection  of  the  JBrown  Colours. 
They  are  distinguished  by  the  iron  contained  in  them. 

The  Detection  of  the  Purple  Colours. 
The  purple  colour  sometimes  met  with  in  sugar  confectioney  is 
usuallv  composed  of  a  mixture  of  Anticerp  blue  and  some  vegetaUe 
:SlZlpink,  the  lahes,  or  eo«    We  must  therefore  test  for 
the  pigments  named  by  the  methods  already  indicated. 

The  Detection  of  Bronze  Poicders. 
Bronze  powders  consist  of  an  aUoy  of  copper  and  zinc :  ^V'^^^^' *7 
arefifficiently  distinguished  by  their  metallic  appearance  ;  in  doubt- 
ed cases  ihey  may  be^dissolved  by  means  of  nitric  acid,  the  excess  of 
add  St  rM  oTby  evaporation,  and  the  aqueous  solution  tested  for 
cSppe?  and  z?nc;  the  solution  should  be  separated  into  two  equal 
copper  ^^^I  J-'    '      .  .  1. 5n  the  usual  manner,  from  the  other 

the  ffltrate  tested  for  ainc  «s  deacnbed  under  Vmeg«r. 
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The  Detection  of  Chalk,  Plaster  of  Paris,  and  Clay. 

Having  completed  the  description  of  the  methods  by  which  the 
numerous  pigments  employed  to  coloiu-  sugar  confectionery  may  be 
detected,  it  now  remains  only  to  indicate  the  processes  by  which  the 
other  substances,  not  pigments,  either  ascertained  to  be  used  by 
om-selves  or  others  in  the  adidteration  of  sugar  confectionery,  may  be 
discovered. 

The  principal  of  these  substances  are  various  kinds  of  starch,  chalk, 
hydrated  sulphate  of  lime,  and  ^uhite  potters'  clay,  pipe  clay,  or  Cornish 
clay. 

Ordinaiy  plastm-  of  Paris,  although  stated  to  be  employed  in  the 
manufactm-e  of  confectioneiy  intended  to  be  eaten,  can  scarcely  ever 
be  so,  since  when  this  is  moistened  with  water  it  quicldy  becomes 
solid,  retaining  its  solid  state  after  incineration ;  on  the  other  hand, 
hydrated  sulphate  of  lime  does  not  remain  solid,  and  when  exposed 
to  a  red  heat  it  is  still  a  powder.  The  processes  for  the  qualitative  and 
quantitative  determination  of  this  and  the  following  salt  are  described 
in  the  article  on  '  Tea.' 

Chalk  is  sufficiently  identified  by  its  appearance,  by  its  efFervescino- 
on  the  addition  of  an  acid,  and  by  the  lime  thrown  down  from  its 
solution  by  oxalate  of  ammonia.  Alumina  is  detected  by  the  process 
indicated  under  the  head  of  '  Bread.' 

The  Detection  of  the  Different  Kinds  of  Starch. 

The  land  of  starch  employed  is  detected  by  means  of  the  microscope, 
A  minute  portion  of  the  sugar  should  be  placed  upon  a  slip  of  glass; 
and  a  drop  oi  water  added  ;  if  the  sugar  dissolve  without  any  appear- 
ance of  residue,  the  solution  being  quite  transparent,  the  probability 
is  that  no  starch  is  present,  but  if  there  be  any  residue,  this  shoiild  be 
placed  under  tbe  microscope,  when  the  starch,  if  present,  will  usually 
be  recognised  by  the  form  of  the  gramdes,  but  shoidd  the  starch  be 
in  an  amorphous  state  in  consequence  of  its  having  been  boiled,  then 
a  little  iodine  should  be  added  to  the  residue,  which  will  at  once 
reveal  its  presence.  The  quantity  may  be  estimated  in  either  of  the 
following  ways :— When  starch  only  is  mixed  with  the  sugar,  the  latter 
may  be  dissolved  out,  and  the  starch  collected,  dried,  and  weighed  ; 
after  drying  and  weighing,  incineration  must  be  resorted  to,  and  the 
amount  of  starch  estimated  from  the  loss  of  weight ;  but  when  any 
other  insoluble  substance  besides  the  starch  is  present,  the  starch  may 
be  converted  into  glucose  with  sidphuric  acid,  as  described  under 
'  Flour.'  . 
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CHAPTER  X. 
HONEY  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Added  water  and  any  foreign  vegetable  substance,  including  cane  sugar  and 
glucose  or  any  mineral  substance. 

HojSTBY  consists  of  the  saccharine  exudation  from  the  nectaries  of 
flowers  collected  by  bees,  and  modified  and  elaborated  by  them  in  the 
crop  or  honey  bag,  which  is  an  expansion  of  the  oesophagus,  and  from 
which  it  is  discharged  on  their  retiu-n  to  the  hive,  and  deposited  in  the 
various  cells  of  the  comb. 

It  consists  of  Icemlose  and  dextrose,  forming  inverted  sugar  with  an 
excess  of  dextrose,  cane  sugar,  gum,  extractive,  a  little  luax,  some  vege- 
table acid,  and  much  pollen,  together  with  certain  odoriferous  jvinciples 
derived  for  the  most  part  from  the  plants  from  which  the  honey  is 
gathered. 

The  pollen  in  honey  is  essential  to  the  nom-ishment  of  the  bees  them- 
selves, since  it  is  the  only  som-ce  of  the  nitrogen  obtainable  by  them  in 
the  winter. 

The  foUowins  are  the  results  of  the  analyses  recently  made  by  us 


Water 
Cane  sugar 
Glucoses  . 
Insoluble  matter 
Mineral  matter 


I. 

II. 

III. 

IV. 

17-48 

19-56 

16-88 

13.63 

none 

0-94 

1-82 

5-29 

82-o0 

79-48 

81-00 

81-04 

trace 

trace 

trace 

trace 

002 

0-02 

0-30 

0-04 

100-00 

100-00 

100-00 

100-00 

These  honeys  were  not  taken  from  the  comb,  and  appear  to  repre- 
sent only  the  liquid  and  uncrystallised  portion.  ,  , 

Honey  is  usually  divisible  into  two  parts,  one  liqmd  and  the  other 
solid  and  crystalline,  the  latter  consisting  in  part  of  cane  sugar,  and 
partly  of  o-ranular  masses  formed  of  ueedlelike  crystals  of  dextrose. 
The  proportion  of  solid  sugar  is  the  greatest  iu  old  honey,  but  the 
quantity  of  cane  sugar  is  largest  in  new  honey,  since  it  becomes 
•rraduaUy  converted  by  keeping  into  inverted  sugar.  The  honey  lur- 
nished  by  a  species  of  wasp,  Polgbia  apivipenms,  found  in  Oentral 
America,  yields  cane  sugar  in  large  crystals,  according  to  Oarsten  ;  but 
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tliere  is  nothing  singular  in  this  fact,  since  that  fui-nished  hy  the  honey- 
bee very  commonly  contains,  as  represented  by  the  author  many  years 
since,  well-delined  crystals  having  the  form  of  cane  sugar,  and  which 
are  well  shown  in  figures  69  and  70. 

The  fluid  portion  contains,  besides  Isevulose,  inverted  sugar  and  some 
cane  sugar,  the  colouring  and  the  odoriferous  substances  of  the  honey. 
The  honey  which  flows  spontaneously  out  of  the  comb  on  the  applica- 
tion of  a  gentle  heat  consists  mostly  of  the  fluid  portion,  and  is  called 
virgin  honey,  while  ordinai-y  honey  is  procured  both  by  pressure  and 
heat.  The  first  honey  collected  by  bees  is  also  sometimes  called  virgin 
honey.  This  description  of  honey  is  considered  the  best,  is  of  a  pale 
colom',  granular  texture,  and  possesses  a  fragrant  smell,  while  the 
common  honey  obtained  from  the  older  cells  is  darker  coloured,  thicker, 
and  does  not  possess  so  agreeable  a  smell. 

By  pressiu-e  in  a  linen  bag  the  fluid  and  liquid  portions  may  be 
separated  from  each  other,  a  clear  syi'upy  substance  passing  thi'ough  the 
linen,  and  the  white  solid  sugar  remaining  behind. 

To  the  various  foreign  substances  contained  in  it,  including  especially 
poUen,  the  diflerent  colours,  flavours,  and  odoiu's  possessed  by  the 
honey  of  diflerent  countries  and  districts  are  owing,  and  the  possession 
of  which,  in  some  cases,  causes  it  to  be  so  highly  prized.  '  Hence  the 
estimation  in  which  the  honey  of  Moimt  Ida,  in  Crete,  has  been 
always  held.  Hence  also  the  perfiune  of  Narbonne  honey,  of  the 
honey  of  Chamoimy,  and  of  our  own  high  moorland  honey,  when  the 
heather  is  in  the  bloom.  Sometimes  these  foreign  substances  possess 
narcotic  or  other  dangerous  qualities,  as  is  the  case  with  the  Trebizond 
honey,  which  causes  headache,  vomiting,  and  even  a  kind  of  intoxi- 
cation, in  those  who  eat  it.  This  quality  is  derived  from  the  flowers 
of  a  species  of  rhododendron,  Azalea  pontica,  from  which  the  honey  is 
partly  extracted.  It  was  probably  this  kind  of  honey  which  poisoned 
the  soldiers  of  Xenophon,  as  described  by  him  in  the  Eetreat  of  the 
Ten  Thousand.' — Jolimion. 

The  following  is  Xenophon's  description : — '  And  there  were  there, 
in  a  village  near  Trebizond,  a  number  of  bee-hives,  and  as  many  of  the 
soldiers  as  ate  of  the  honey-comb  became  senseless,  and  were  seized 
with  vomiting  and  diarrhoea,  and  not  one  of  them  could  stand  erect. 
Those  who  had  swallowed  but  little  looked  very  like  drunk  men,  those 
who  ate  much  were  like  mad  men,  and  some  lay  as  if  they  were  djdng. 
And  thus  they  lay  in  such  numbers  as  on  a  field  of  battle  after 
a  defeat.  And  the  consternation  was  great.  Yet  no  one  was  found  to 
have  died;  all  recovered  their  senses  about  the  same  hour  on  the 
following  day.  And  on  the  third  or  fourth  day  thereafter,  they  rose 
up  as  if  they  had  suffered  from  the  drinlcing  of  poison.' 

The  solid  part  of  honey,  examined  under  the  microscope,  is  seen  to 
consist  of  myiiads  of  regularly-fonued  crystals  ;  these  crystals  are  for 
the  most  part  exceedingly  thin  and  transparent,  veiy  brittle,  so  that 
many  of  them  are  broken  and  imperfect ;  but  when  entire  they  con- 
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gist  of  six-sided  prisms,  apparently  identical  in  form  with  those  of  cane 
sugar.  We  see  no  other  conclusions  to  come  to  however,  hut  that  they 
really  represent  the  crystals  of  dextrose,  seeing  that  they  occur  in 


Fig.  69. 


Crystals  of  Honey,  intermixed  with  the  pollen  granules  of  the  flowers  from 
which  the  Honey  was  gathered.   Magnified  225  diameters. 

honeys  from  which  cane  sugar  is  ahsent  or  nearly  so.  These  crystals 
are,  so  far  as  oiu-  observations  go,  always  present  in  honey,  and  they 
are  usually  the  only  kind  met  with.  i  <• 

Intermingled  with  the  crystals  may  also  be  seen  pollen  granules  ot 
difi'erent  forms,  sizes,  and  structm-e ;  these  are  in  such  periect  con- 
dition, that  in  many  cases  they  may  be  refen-ed  to  the  plants  Irom 
which  the  honey  has  been  procm-ed.  This  is  a  very  interesting  ana 
beautiful  fact  in  relation  to  honey.    The  bees,  in  collecting  the  honey 
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from  tlie  flowers,  carry  away  with  them  also  some  of  the  pollen  of 
those  flowers  •,  now  this  pollen  consists  of  complex  utricles  or  cells 
diflering  in  size,  shape,  and  organisation  in  diflerent  orders  of  plants', 

Fig.  70. 


HojTEY  collected  principally  from  a  Heath,  as  shown  by  the  presence  of  numerous 
pollen  granules  of  the  furze  and  of  heath  ;  a,  a,  pollen  granules  of  furze  ;  6,  6, 
ditto  of  heath  ;  c,  c,  ditto  of  some  composite  flower.  The  other  granules  present 
we  have  not  Identified. 

and  in  different  plants,  so  that  the  ohserver  acquainted  with  the 
characters  of  the  pollen  of  flowering  plants  will  be  enabled  in  many 
cases  to  determine  whether  any  particular  honey  submitted  to  hia 
examination  was  collected  from  flowers  of  foreign  or  native  growth, 
whether  from  those  of  the  field,  the  garden,  the  heath,  or  the  moun- 
tain. 
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It  lias  occim-ed  to  the  author  to  make  another  highly  interesting 
cliservation  in  connection  v/ith  honey,  showing  in  a  very  striking 
manner  the  amazing  industry  manifested  by  bees  in  the  collection  of 
honey.  In  examining  the  blossoms  of  our  native  heaths,  now  unfor- 
tunately many  years  since,  and  long  before  the  first  edition  of 
'  Adulterations  Detected'  was  published,  we  were  sm-prised  to  observe 
that  there  was  scarcely  one  that  had  arrived  at  maturity  that  did  not 
exhibit,  usually  on  the  upper  sm-face  of  the  corolla,  one  or  more  dark 
spots,  occasioned  bv  perforations.  The  conjecture  at  once  occurred  to 
us  that  these  perforations  were  made  by  the  bees  in  their  search  for 
honey,  and  in  order  to  facilitate  its  abstraction  from  the  tubidar-shaped 
flowers.  It  was  not  long  before  the  correctness  of  this  conjecture 
was  ascertained.  The  bees,  on  alighting  on  the  flowers,  almost  con- 
stantly inserted  their  probosces  either  through  one  of  the  apertures 
alreaciv  made,  or  they  pierced  a  fresh  one.  Now,  of  the  countless 
myi-iads  of  blossoms  in  some  miles  of  heath,  there  was  scarcely  one 
matm-e  one  observed  bv  us  which  had  not  been  perforated. 

A  very  good  way  of  obtaining  the  pollen  of  honey  for  microscopical 
examination  is  to  dissolve  a  teaspoonful  or  so  of  the  honey  in  cold  water 
contained  in  a  conical  glass,  and  to  examine  a  little  of  the  sedmient 
which  subsides  in  the  course  of  a  few  minutes,  and  which  m  some 
honeys  is  very  considerable.  The  water  causes  the  foims  of  the  gra- 
nules to  change  in  some  cases,  and  hence  a  better  plan  is  to  view  the 
•pollen  as  contained  in  the  fluid  part  of  the  honey.  ,  „.  ^  , 

Some  of  the  earlier  niunbers  of  the  '  Annals  of  Natural  History 
contain  an  article  bv  the  author,  illustrated  by  a  large  number  of  figures, 
on  the  structm-e  of 'the  pollen  granule ;  this  will  be  found  of  some  as- 
sistance to  those  who  may  desire  to  identify  the  pollen  found  m  honey. 
Another  useful  plan  of  proceeding  is  to  collect  and  examine  the  honey 
of  the  flowers  from  which  the  bees  are  supposed  to  have  collected  the 
honey  and  then  to  search  in  this  for  the  corresponding  poUen  granules. 


THE  ANALYSIS  OF  HONEY. 


No  reliable  analyses  of  honey  have  yet  been  made,  so  far  as  we  are 
aware,  if  we  except  the  four  samples  the  results  of  the  examination  of 
which  have  already  been  given. 

The  only  determinations  which  are  practically  required  are  those 
of  w«^er,  cane  sugar,  glucose,  miinsoluble  matter,  consisting  chiefly  ot 

the  wotoi  and  the  ,    V,      .  p  ,i  „„;i 

The  methods  to  be  pursued  in  the  detei-mination  of  the  cane  and 
other  sugars  have  beenfully  described  in  the  aiticleon  Sugar,  andneed 
not  here  be  repeated.  There  is,  of  course,  no  difiiculty  in  estimating 
the  matter  insoluble  in  water  and  the  ash.  Since  the  composition  of 
the  glucoses  is  altered  at  a  low  temperature  and  they  soon  lose  .vater, 
it  is  safest  to  estimate  the  amount  of  moisture  present  by  difference. 
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BEES  WAX. 


_  In  connection  with  the  subject  of  honey  it  will  be  of  interest  and 
utility  to  make  a  few  observations  on  another  product  of  the  bees— 
namely,  bees'  wax. 

It  was  first  demonstrated  by  the  expeiiments  of  John  Himter  and 
M.  Huber  that  wax  is  the  product  of  the  secretion  of  a  special  organ 
situated  on  the  sides  of  the  abdomen  of  the  bee.  '  On  raisiuff  the  lower 
segments  of  the  abdomen  these  sacs  may  be  observed,  as  also  scales  or 
spangles  of  wax  arranged  m  pairs  upon  each  segment.  There  are  none 
however,  under  the  rings  of  the  males  and  the  queen.  Each  individual 
has  only  eight  wax  sacs  or  pouches,  for  the  first  and  the  last  ring  are 
not  provided  with  them.  H.  Huber  satisfied  himself  by  precise  ex- 
periments that  bees,  though  fed  with  honey  or  sugar  alone,  produce 
nevertheless,  a  veiy  considerable  quantity  of  wax,  thus  proving  that 
they  were  not  mere  collectors  of  this  substance  from  the  vegetable 
iangdom.  —  Tire.  ° 

_  Wax  is  met  with  very  commonly  in  the  vegetable  Idngdom.  It 
18  contained  in  the  pollen  of  most  flowers,  in  the  fjBcula  of  manv 
plants,  as  the  cabbage,  and  it  forms  a  varnish  on  the  upper  surface  df 
the  leaves  of  many  ti-ees.  It  has  been  obsei-ved  especially  in  the  iuice 
ot  the  cow  tree,  while  the  berries  of  several  species  of  Myrica  aff-ord 
much  wax.  y  ^ 

Some  of  the  principal  varieties  of  wax  met  with  are  the  Carnauba 
wax  oi  Brazil,  the  produce  of  Copernicia  cerifera  ;  cork  tvax,  or  cerm  ■ 
pme  wax-  or  ceropic  acid;  sugar-cane  loax  ov  cerosin;  myrtle  wax  or 
mynca  tallow  ;  ocuba  ivax  and  pabn  toax;  Chinese  xmx  or  pela,  called 
vegetable  msect  wax,  because  it  is  produced  by  the  punctiu-e  of  a  species 
^  coccus;  cow-tree  xvax,  Cuba  wax;  Japan  wax,  from  the  root  of  the 
mm  succedanea ;  and,  lastly,  propolis  or  stop  wax,  used  by  bees  to  mend 
the  cracks  in  their  combs.  r       ;  j 

Bees'  wax  in  its  unpurified  condition  is  of  a  yellow  colour  and  has 
the  smell  of  honey,  the  colour  and  smeU  both  being  derived  from  the 
honey  Itself,  since  those  ceUs  in  which  honey  has  not  been  deposited 
are  white  and  scentless. 

Wax  is  freed  from  its  impurities  by  melting  it  in  hot  water  or  steam, 
allowing  the  impurities  to  subside,  running  off  the  clear  supernatant 
oily  liquid  into  oblong  troughs  furnished  with  a  series  of  holes  at  the 
bottom,  through  which  the  liquid  runs  out,  falling  upon  wooden 
cylinders  which  revolve,  being  partially  immersed  in  cold  water  The 
nbbons  thus  obtained  are  spread  out  upon  canvas,  and  then  bleached  by 
exposure  to  the  air  and  sun,  being  frequently  turned  over  and  watered 
A    l™.^  °  ^°  ^0  obtain  wax  of  the  greatest  purity 

and  whiteness,  it  is  necessary  that  the  various  operations  be  repeated 
several  times.  In  France,  cream  of  tartar  and  alum  are  employed  in 
the  purification  of  wax.  ^ 
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The  wax  when  bleached  is  melted,  strained  through  silk  sieves,  and 
movilded  into  thin  disk-like  pieces,  weighing  from  two  to  three  ounces 
each.  Thus  purified  it  is  white  and  ti-ansparent,  without  taste  or 
smell.  It  has  a  specific  gravity  from  0-96  to  0-966  ;  it  softens  at30°  C, 
becomino-  plastic,  so  that  it  may  be  moulded  by  the  hand,  but  it  does 
not  liquefy  until  68°  C,  whUe  at  0°  0.  it  is  hard  and  brittle. 

On  the  composition  of  wrt.r.— The  term  wax  was  originaUy  applied 
only  to  the  product  secreted  by  bees ;  it  is  now,  however,  made  to  include 
a  number  of  bodies  of  smiilar  character,  derived  from  both  the  vegetable 
and  animal  kingdoms,  and  the  principal  of  which  we  have  already 
referred  to.  They  are  compoimds  of  the  higher  members  ot  the  tatty 
acids,  partly  in  the  free  state,  partly  combined  with  alcohol  radicals, 
but  they  do  not  contain  glycerine  like  the  fats.  Wax  is  a  mixtiire  ot 
three  difterent  substances :  myricin,  insoluble  in  boding  alcohol  and 
consistino-  of  palmitate  of  myi-icin;  cerotic  acid,  formerly  called  cerin, 
soluble  in  boiling  alcohol  and  crystaUising  on  cooling ;  and  cerolem, 
which  remains  dissolved  in  the  cold  alcoholic  liquid.  _ 

They  are  but  little  soluble  in  alcohol  and  sometimes  qmte  insoluble  ; 
soluble  'in  ether,  in  oils  fixed  and  volatile,  chloroform,  and  sulphide  of 
carbon;  they  burn  with  a  bright  flame  when  heated  m  the  air,  and 
are  with  difficulty  saponified  by  boUing  with  potash,  but  more  easily 
by  fusion  with  the  solid  alkali.  .ex. 

Bleached  wax  contains,  according  to  Lewy,  82-2  per  cent,  of  carbon, 
13-4  hydrogen,  and  6-4  of  oxygen.  It  is  decomposed  by  dry  distilla- 
tion D-ivin.?  off  water,  acetic  acid,  propionic  acid,  and  then  a  substance 
caUed" wax  butter,  it  forming  on  cooling  a  white  butter-hke  mass; 
afterwards  a  liquid,  called  wax  oil,  passes  over,  a  carbonaceous  residue 
finally  remaining. 

THE  ADITLTEEATIOH'S  OF  HONET  AND  WAX. 

The  more  usual  adulterations  of  honey  are  with  various  forms  of 
starch,  as  those  of  the  potato  and  loheat,  and  with  starch  and  cane 

""^  Other  adulterations  mentioned  byMitcheU  and  Normandy  are  with 
chalk,  hydrated  sulphate  of  lime,  and  pipe  clay. 

The  starch  is  not  only  added  for  the  sake  of  weight  and  bidk,  but 
to  improve  the  colom-  of  very  dark  honey,  and  to  con-ect  a  sharp  and 
acidulous  taste  which  old  honey  is  apt  to  acqmre. 

The  adulterations  of  wax.-W^x  is  stated  to  be  sometimes  adul- 
terated with  starch,  as  also  with  animal  fats,  as  mutton  suet. 

THE  DETECTION  OF  THE  ADTOTEEATIONS  OF  HONEY. 

Of  the  adulterations  practised  upon  honey  some  are  very  easy  of 
detection,  and  others  difficult,  if  not  impossible.  _ 

The  general  method  of  proceeding  in  the  examination  of  honey, 
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with  a  vie-w  to  discover  whether  it  is  adulterated  or  not  is  as 
follows : —  '  " 

A  little  of  the  honey  is  to  he  examined  under  the  microscope,  when 
if  it  contain  imhoiled  starch,  the  granules  will  he  visible,  and  may  be 


Fig.  71. 


Honey  adulterated  with  Caxe  Sugar.    The  thick  irregular  crystals  are  those  of  cane 
sugar.   Magnified  200  diameters. 

// . 

identified  by  the  characters  which  they  present.  If  none  are  to  be 
seen,  a  small  quantity  of  tincture  of  iodine  is  to  be  added,  which  will 
show  whether  starch  is  present  or  not  in  any  form. 

The  starch,  as  well  as  any  insoluble  and  inorganic  material  which 
may  be  present,  may  also  be  discovered  by  dissolving  a  portion  of  the 
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honey  in  warm  water,  wlien  a  deposit  will  occur  after  a  time.  This 
deposit  sliould  examined,  in  the  tirst  instance,  Ijy  tlie  microscope; 
and  if  it  is  not  found  to  be  of  an  organic  natm-e,  it  most  probably 
consists  of  chalh,  or  gypsum.  If  it  effervesce,  it  is  no  doubt  chalk ; 
and  if  not,  we  must  then  proceed  as  described  under  '^\ater,  lor  the 
analysis  of  the  last-named  substance.  For  the  quantitative  determination 
of  inorganic  matter  in  honey,  nothing  more  is  reqvusite  in  ordinary 
cases  than  to  collect,  dry,  and  weigh  the  residue  deposited/rom  the  solu- 
tioaof  a  given  quantity  of  honey  in  water,  or  to  take  the  weight  of  the  ash. 

The  adulterations  of  honey,  the  discovery  of  which  is  more  difhcult, 
are  those  with  mne  and  .^rff^je  sw(7flr.  . 

Cane  su<^ar  becomes  charred  on  the  addition  of  sulphm-ic  acid,  and 
it  is  stated  that  grape  sugar  does  not ;  this  distinction,  however,  does 
no  apply  to  honey,  for  it  also  becomes  charred,  and  for  the  very  good 
?^son  that  cane  sugar  is  present  in  aU  honey,  and  in  new  honey  in 
considerable  amomit°  as  also  organic  matter,  including  particularly 

^°^There  are,  however,  four  ways  in  which  the  presence  of  added  cane 
suaar  in  honey  may  be  determined,  two  of  them  being  supplied  by  the 
S^scope.  m  ^rst  is  by  the  size,  and  especialty  by  the  thickness  of 
fhecrvstalsof  susar;  their  shape  is  essentiaUy  the  same  as  those  of 
hone7  The  crysUls  of  added  cane  sugar  differ  from  the  crystals  proper 
to  honey  in  being  much  larger,  thicker,  and  iii  their  less  regular 
Sapes  fthe  anglel  being  acted  upon  by  the  fluid  part  of  the  honey, 
and  thus  in  part  melted  down.  j   v„  +1,0 

The  secoSd  is,  supposing  brown  sugar  to  have  been  used  by  the 
nresence  of  the  su^ar  actri,  discernible  either  on  the  sm-face  of  a 
Lfution  of  honey  in  water,  or  in  the  residue  deposited  fi^m  it,  or  by 
Sai  of  fragments  of  the  sugar-cane,  the  dotted  cells  ol  which  are  par- 

''"Sw  ttSl  chemical,  and  consists  in  the  conversion  of  the 
cane  into  giap  its  quantitative  est  mation  m  that  form  m 

Z  isual  manner?    If  the  quantity  met  mth  is  very  large  indeed 
!?!,rv  tifS  that  cane  sugar  has  been  added ;  but  we  must  speak  on 
rhrpdnt  tit? tr'esei've,  since  the  only  quantitative  astnnataons 
S  he^S  maTe  of  the  amomits  of  cane  sugar  actuaUy  present  m  honey 
aJe  the  ^m-  V  ourselves,  and  inserted  in  the  previous  part  of  this 

"■"^Thefom-th  method  for  ascertaining  the  presence  of  e^n^  sxi^r  in 
honey  and  of  estimating  its  amount,  is,  as  already  shown  m  the  article 
nn  '  4iio"ir  '  afforded  by  the  polariscope. 

rn^^  oHnUprntlon  of  honey  which,  so  far  as  we  are  aware,  it  is 
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of  notable  quantities  of  sulphate  of  lime  affords  sti-on^  «^rl 
adulteration  with  sugar  of  starch.    Pure  honey  5yes%n?v  a  ^ 
trifluao-  amount  of  ash.  °  ^  ^ery 

THE  DETECTIOK  OF  THE  ADT71TERATI0NS  OP  WAX. 

The  only  two  adulterations  which  have  Tbeen  descrihpd  m-n  ^-+1 
starch  and  ammalfrUs  a.  mutton  suet.    The  first  wTll  be  detectelS 
an  exammataon  with  the  microscope  of  the  residue  left  after  5he  ex 
ha  sfaon  of  the  wax  with  ether,  while  the  presence  of  mosSeii  fate 
will  be  readily  discrunmated  by  ascertaining  the  meltin- nointT  it 
manner  fully  described  in  the  article  on  'Better '         °  ^  ' 
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CHAPTER  XI. 
FLOUR  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  other  added  farina  than  that  indicated  bv  the  name  under  which  it  is 
Anj  oiuur   ^^^^  _  ^^^^  ^^^^^  ^^^^^  mineral  substance. 

The  term  flour  may      applied  to  tlie  meal  or  powder  oMained 
twSdin-  of  almost  any  species  of  grain  or  seed,  but  we  shaU  Jeat 
S  tS  present  article  chiefly  of  those  descriptions  of  gram  and  flom- 
whkk  are  most  in  use  in  this  country  as  articles  of  diet,  as  wheat,  rye, 

""'fiTf  rie\\tr:onsi^  of  nitror,enous,  non^troyenous 
^m«S  elements  or  constituentB ;  the  nitl•ogeno^IS  embrace  chiefly 
S  i  or  SL,  Jihin,  albumen,  casein,  cerealin,  together  with  certain 
iScations  of  mne  of  the  foregoing ;  the  non-nitrogenoxis  are  .ur;«r 
Si  S  but  chiefly  starch,  fat,  and  celhdose;  the  mineral  are  foi  the 
^Ti^Tallaln^^  and  sUicates,  especially  phosphate  and 

''%7{^:ite.t  of  each  of  the  flom-s  above  enumerated  under 
separate  headings,  and  flrst  of 

WHEAT  FLOUR. 

There  are  several  distinct  species  of  wheat:  that  ^l^i^h  is  chiefly 
u-  o+?rI      this  country  is  the  Triticum  vulgare;  of  this  there  aie 
cultivated  m  this  ^o^trj  i  ^^^^^  ^  hyhernum,  or 

faSTe-  riptiS  0?"  Mci;  it\  however,  BOt  B,cem>7  «»  »» 
""Ct  sSorV,™,  «  tough,  to  .he  maricet,  a„d  as  suppM 

""iTwhoats  which  are  hard  the  integument,  separate  with  difficulty, 


FLOUR  AND  ITS  ADULTERATIONS. 


277 


and  therefore  the  flour  produced  from  these  usually  contains  a 
greater  proportion  of  adherent  hran  than  do  those  flours  procured 
from  wheats  which  are  soft,  and  which  part  with  their  epidermic 
coverings  more  readily. 

According  to  Mr.  Hard,  a  miller  of  Dartford,  in  Kent,  the  follow- 
ing are  the  products,  with  the  quantities  obtained,  of  one  quarter,  or 
eight  bushels  of  groimd  wheat : — 


'  Produce  of  One  Quarter  of  Wheat,  weighing  504  lbs. 

I'lour   392  lbs. 

Biscuit,  or  fine  inicldlings   10 

Toppings,  or  specks   g 

Best  pollard,  Turkey  pollard,  or  twenty-penny    ...  15 

Fine  pollard   18  " 

Bran  and  coarse  pollard   50  ' 

Loss  sustained  by  evaporation,  and  waste  in  grinding,  " 

dressing,  &c.    11  „ 

504  lbs." 

COMPOSITIOlf  OP  WHEAT  FIOtTE. 

_We  have  abeady  enumerated  all  the  more  important  constituents 
which  enter  into  the  composition  of  the  grain  of  wheat,  and  of  the  flour 
made  therefrom.  The  grain  of  wheat  differs  from  that  of  the  other 
•  cereals  principally  in  the  peculiar  physical  characters  possessed  by  its 
chief  niti-ogenous  constituents,  and  especially  glutin,  or  gliadin;  crude 
gluten  being  a  mixture  of  this  with  flbrin,  and  possessing,  as  wiU  be 
seen  hereafter,  in  the  moist  state,  strongly  adhesive  properties.  These 
are  found  to  be  practically  of  great  value  in  bread-making,  causing  the 
dough  to  retain  more  strongly  the  carbonic  acid  evolved  during  fer- 
mentation, whereby  the  bread  is  rendered  porous  and  light ;  and  this  is 
one  of  the  chief  reasons  why  the  flour  of  wheat  is  preferred  for  bread- 
making  to  that  of  all  other  grains.  We  shall  now  describe  in  detail 
aU  the  more  important,  and  especially  the  niti-ogenous,  constituents 
of  wheat  flour.  The  particulars  which  wiU  be  given  relative  to 
these  will  apply  in  great  part  to  the  other  cereals. 

Crude  gluten.— Crude  gluten,  as  shown  below,  consists  of  several 
substances,  and  hence  its  properties  partake  to  some  extent  of  the 
characters  of  its  constituents.'  Although  water  exerts  such  an 
eft'ect  upon  it  in  rendering  it  adhesive  and  tenacious,  yet  it  is  entirely 
insoluble  in  that  menstruum.  When  freed  from  moistiu-e  it  is  taste- 
less, more  or  less  transparent,  and  shiny.    It  is  soluble  in  caustic 


i 


^  According  to  Von  Bibra  it  has  the  following  composition  :— 

12  3  4 

Fibrin  .  .  70-95  71-55  69-40  70-48 
Glutin  .  .  14-40  10-00  17-57  lG-92 
Casein  .  .  8-80  G-53  7-30  6-33 
Fat   .      .       .        5-85        5-92        5-73  G-27 
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potash  and  other  alkalies,  and  is  precipitated  from  its  solution  by  most 
dilute  acids.  It  is  soluble  in  strong  acetic  acid.  Digested  in  water 
containing  from  one  to  two  thousands  of  hydrochloric  acid,  it  gradually 
dissolves,  furnishing  a  liquid  which  is  leevorotatory,  and  in  which  the 
gluten  comports  itself  with  heat  and  reagents  exactly  as  does  albumen. 

Glutin.— The  above  remarks  apply  to  the  crude  gluten,  but  the 
pure  glutin,  r/liadin,  or  vegetable  gelatin,  in  its  hydrated  condition, 
forms' a  liquid  of  the  consistence  of  varnish,  and  which  is  susceptible 
of  being  drawn  out  into  sillry-looking  threads.  When  obtained  from 
its  alcoholic  solution,  treated  with  ether  and  dried  in  vacuo,  it  forms  a 
hard,  brittle,  and  opaque  mass.  When  simply  evaporated  from  its 
alcoholic  solution,  it  resembles  in  its  physical  characters  animal 
gelatin. 

Glutin  is  soluble  in  dilute  alcohol  of  from  40  to  80  per  cent.,  but 
only  with  difficulty  in  absolute  alcohol,  from  which  it  is  deposited  in 
the  form  of  a  white  powder.  It  is  only  very  .slightly  soluble  in  cold, 
but  more  freely  in  hot  water,  the  solution  yielding  precipitates  with 
gallotannic  acid,  basic  acetate  of  lead,  and  several  other  metallic  .salts. 
With  ferric  sulphate,  mixed  with  ammonia,  it  gives  an  orange-coloured 
or  brownish  precipitate,  in  which  respect  likewise  it  resembles  animal 
gelatin.  It  dissolves,  giving  rise  to  a  blue  colom-,  in  hydrochloric 
acid ;  in  nitric  acid  it  also  dissolves,  but  is  again  precipitated  on  the 
addition  of  water.  It  is  entirely  soluble  in  tartaric  and  acetic  acids, 
but  only  partially  so  in  phosphoric  acid.  It  is  also  soluble  in  the 
fixed  alkalies,  less  so  in  ammonia,  and  the  alkaline  solutions  afford 
precipitates  with  metallic  and  some  other  salts.  With  mercmrous 
nitrate  it  gives  rise,  in  the  moist  state,  to  a  bright  red  colour ;  with 
strong  sulphm-ic  acid  and  sugar,  to  a  yellow  colom-,  which  after  halt- 
an-hour  changes  to  violet.  .  j  •  x 

The  following  is  the  composition  of  pure  glutm,  accordmg  to 

Ritthausen: —  .„  .„ 

Carbon   o2-49 

Hydrogen        ....  6-97 

Nitrogen  

Oxygen   21-41 

Snlphur  0-85 

Ash   0'26 

It  would  appear  that  the  albuminous  substances  entering  into  the 
composition  of  crude  glutin  have  reaUy  iiearly  the  same  percentage 
composition  as  the  other  albuminoids.  Gundsberg  states  that  glutin, 
or  gliadin,  is  not  a  simple  proximate  principle,  for  cold  water  extracts 
from  it  a  brown  substance  containing  nitrogen  and  sulphiu-,  while  the 
residue,  treated  with  boiling  water,  yields  a  solution  which  on  cooling 
fm-nish^s  a  substance  free  from  sulphm-,^  which  has  nearly  the  same 
composition  as  animal  gelatin,  and  which  Gundsberg  regards  as  the  true 
glutin,  or  vegetable  gelatin. 
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'  JFihrin.— This  is  the  portion  of  crude  gliitin  of  wheat  and  other 
cereals  which  is  insoluble  in  alcohol.  In  its  moist  state  it  forms 
a  greyish- white  elastic  mass,  but  when  dry  a  hprny  substance,  which 
recovers  its  former  characters  by  maceration  in  cold  water.  It  is 
soluble  in  acetic,  hydrochloric,  and  phosphoric  acids;  also  in  the 
alkalies,  including  ammonia,  and  is  precipitated  from  these  solu- 
tions on  neutralisation.  Acording  to  Scherer,  iibiin  contains  15-8 
per  cent,  of  nitrogen.  Later  analyses  correspond  in  the  main  with  the 
foregoing,  but  in  three  analyses  made  by  Diunas  and  Oahoiu-s  the 
niti-ogen  varied  as  foUows : — 15-8, 16-0,  and  16'4. 

It  imdergoes  gradual  alteration  in  contact  with  moistm-e,  is  trans- 
formed dm-ing  germination,  giving  rise  in  the  case  of  wheat  and  other 
cereals  to  the  formation  of  diastase. 

Casein, — frequently  called  legumin,  is  found  abundantly  in  the  seeds 
of  the  legiuninosEe,  and  in  smaU  amount  in  wheat  and  other  cereals. 
When  dried  from  its  alcoholic  solution  it  is  of  a  greyish-white  colour' 
and  readily  reducible  to  the  state  of  powder.  It  is  soluble  in  boUino 
alcohol  and  in  cold  dilute  acetic  acid,  but  it  becomes  insoluble  under 
certain  circimistances,  as  when  precipitated  by  ammonia  from  its  solu- 
tion in  acetic  acid,  when  boiled  for  a  short  time  with  water,  or  even 
when  left  in  contact  with  it  or  with  dilute  alcohol. 

Albumen. — The  albumen  deposited  by  heat  from  vegetable  solutions 
is  usually  in  the  crude  state,  and  is  contaminated  by  colom-iao-  matter 
and  other  substances.  For  its  pm-ificatiou  the  precipitate  must  be 
washed  with  water,  and  then  with  boiling  alcohol  and  ether.  Its 
solution  coagulates  at  from  61°  to  63°  0.,  and  at  a  little  higher  tem- 
perature is  converted  into  a  solid  mass.  If  the  solution  is  very  dilute, 
the  albumen  is  deposited  in  flocculi.  Albumen  thus  coagidated  is 
white,  opaque,  and  elastic ;  when  dried  it  is  of  a  yellow  colom-,  brittle, 
and  translucent.  After  having  been  dried,  it  absorbs  water  when 
unmersed  in  it,  and  assmnes  its  original  characters,  and  if  dried  at  a 
temperatm-e  below  the  point  of  coagulation,  it  likewise  re-acquires  its 
solubility  to  any  extent  in  water. 

It  is  insoluble  in  alcohol  and  ether,  and  hence  it  is  precipitated  by 
strong  alcohol  added  to  its  aqueous  solution,  the  precipitate,  if  the 
alcohol  \s  added  in  small  quantity,  being  soluble  in  water.  When 
alcohol  is  added  to  a  somewhat  dilute  solution  of  albumen,  the  liquid 
after  a  while  forms  a  gelatinous  mass,  which  is  liquefied  by  heat. 
Coagulated  albumen  may  be  made  to  dissolve  in  alcohol  by  the  addi- 
tion of  an  alkali.  Nearly  aU  acids  precipitate  albumen  from  its 
solution,  especially  nitric  acid.  Strong  nitric  acid  with  heat  dissolves 
coagulated  albumen,  forming  a  blue  or  violet  solution.  Tribasic  phos- 
phoric acid,  acetic,  tartaric,  and  most  other  organic  acids,  do  not  form 
precipitates  in  moderately  concentrated  solutions,  but  when  added  to 
highly  concentrated,  solutions  the  liquid  solidifies  to  a  jelly,  which 
becomes  liquid  like  gelatine  when  heated.    In  solutions  of  albumen  to 
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which  common  salt  has  heen  added,  the  albumen  is  precipitahle  hy 
phosphoric,  acetic,  and  other  acids,  or  the  albiunen  may  be  precipitated 
from  the  same  acid  sojutions  by  means  of  salt,  the  precipitation  being 
facilitated  by  the  action  of  heat. 

Albmnen  is  soluble  in  weak  solutions  of  alkalies,  but  a  strong  solu- 
tion of  potash,  added  in  considerable  quantity  to  a  solution  of  albumen, 
forms  a  gelatinous  mass.    Alkaline  carbonates  prevent  its  coagulation 

iThas  the  same  atomic  composition  as  the  other  albuminoids,  and 
contains,  according  to  the  best  authorities,  15-8  per  cent,  of  nitrogen. 

Cerealin.—A  nitrogenous  substance  approximating  closely  in  its 
properties  to  diastase.  It  is  contained  in  the  membrane  immediately 
sun-oimding  the  seed,  caUed  epispermium.  It  haa  the  property  oi  con- 
verting starch  into  dexti-in,  sugar,  and  lactic  acid.  This  power  is 
strikingly  exemplified  by  adding  an  infusion  of  bran  to  a  thick  decoc- 
tion of'' starch,  which  is  quicldy  transformed  as  described  above,  the 
decoction  becoming  thin,  limpid,  and  sweet,  when  kept  at  a  temperature 

of  from  40°  to  50°  C.  .        .  ^     -.t,         .  4 

To  obtain  cerealia  in  a  separate  state,  bran  is  treated  with  repeated 
quantities  of  dUute  alcohol,  it  being  pressed  after  each  addition  ot 
the  spirit.  In  this  manner  the  whole  of  the  sugar  and  dextrin  are 
removed,  the  cerealin  being  left  behind.  The  bran  is  next  treated 
with  water ;  this  dissolves  out  the  cerealin,  and  the  aqueous  solu- 
tion beino-  evaporated  at  40°  0.,  the  cerealin  is  obtained  m  a  pure 
state,  it  being  soluble  in  water,  but  insoluble  in  alcohol  and  ether.  _  _ 
A  solution  containing  cerealin  coagulates  at  75  C,  and  is  precipi- 
tated on  the  addition  of  alcohol  and  by  dilute  acids.  Alkalies  prevent 
its  action  on  starch.  Once  coagulated,  it  is  no  longer  soluble  m  acids  and 
alkalies,  but  it  is  still  capable  of  slowly  acting  upon  starch.  Up  to  a 
temperature  of  70°  C.  it  retains  its  power  of  transforuaing  starch,  but 
not  beyond  that  temperature,  whereas  diastase  retains  its  power  up  to 
90°  0 

.  It  would  appear  from  the  investigation  of  Mouries  that  bran  con- 
tains other  substances  besides  cerealin  which  possess  the  power  ot  con- 
verting starch,  for  he  states  that  bran  freed  fi-pm  cerealm,  especially 
the  perispermimn,  is  more  active  than  cerealin  itself,  and  possesses  the 
power  of  decomposing  starch  even  at  100  0.  ,  .  ,    • .  i,„ 

Starch  —The  only  other  constituent  of  flom-  which  it  will  be 
necessary  to  notice  is' the  starch,  which  forms  nearly  t^^^thu-ds  of  its 
wei-ht  It  belongs  to  the  class  of  carbohydrates,  which  includes 
r^ai'  into  which  "dm-ing  digestion  it  ^^-^^^'^f ' /^l^^  ^f^^ 
co^veved  bv  absorption  into  the  circulation,  and  broken  up  dming 
TpTration  into  carbonic  acid  and  water,  heat  being  developed  during 

*^'The'foUowing  analyses  exhibit  the  precise  percentage  composition 
of  different  descriptions  of  wheat  and  wheat  flom- :— 
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Wheat  Flour. 
(Vauquelin.) 


French. 

Odessa 
(Hard). 

Odessa 
(Soft). 

Paris 
Floiu:. 

Iriferior 
Flour. 

Starch  . 
Gluten 
Sugar  . 
Gum  . 
Bran  . 
Water  . 

71-49 
10-96 
4-7-2 
3-82 

10-00 

56-5 
14-55 
8-48 
4-90 
2-30 
12-00 

62-00 
12-00 
7-56 
5-80 
1-20 
10-00 

72-8 
10-2 
4-2 
2-8 

10-0 

67-78 
9-02 
4-80 
4-60 

12-00 

Dumas. 


"Wheat  Flour. 

Odessa  Flour  (Flinty). 

Odessa  Flour  (Soft). 

Water       .  .10-00 
Gluten      .      .  10-96 
Starch       .       .  71-49 
Sugar       .       .  4-72 
Dextrin    .       .  S-32 

Water       .      .  12-00 
Gluten      .      .  14-55 
Search      .      .  56-50 
Sugar       .       .  8-48 
Dextrin    .  .4-90 
Bran  .      .      •  2-30 

98-78 

Water      .       .  10-00 
Gluten      .      .  12-00 
Starch       .       .  62-00 
Sugar       .       .  7-36 
Dextrin     .       .  5-81 
Bran         .       .  1-29 

98-46 

100-49 

Accordims  to  MiUon,  the  nitrogen  in  wheat  yaned  m  22  different 
samples  from  1-588  to  2-729,  equal  in  nitrogenous  suhstance  from 
10-05  to  17-27  per  cent.,  while  Poggiale  found  an  average  ot  14-4  per 
cent,  of  gluten  in  dried  wheat. 

Wheat  Bran. 


Gluten  . 
Albumen 
Starch  . 
Sugar  . 
Gum 
Fat 

Water  . 
Ligneous  matter 
Chloride  of  potassium 
Sulphate  of  potash 
Phosphate  of  magnesia 
Carbonate  of  lime 
Silica  . 


Furstenbiu-g. 
10-84) 
1-60  j 
22-66 


6-28 
2-82 
10-30 
43-98 
0-23\ 
0-24 
0-93 
0-37 
0-76  J 


100-00 


Poggiale. 
13-0 

21-7 

1-  9 
7-9 

2-  9 
12-7 
34-6 


6-5 


100-2 


Some  idea  may  he  formed  from  an  examination  of  the  abo  o 
analyses  of  the  great  value  of  wheat  flour  as  an  article  of  diet  L  ke 
milk,  it  contains  all  the  elements  necessary  to  the  growth  and  sus- 
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tenance  of  the  animal  tody,  nitrogenous,  non-nitrogenous,  and  mineral 
It  IS,  in  tact,  the  type  of  a  perfect  food,  and  well  deserves  the  appella- 
tion which  has  been  bestowed  upon  it  of  the  '  staff  of  life.' 

The  analyses  of  bran  given  above  are  particularly  intere8tin<r  and 
important,  for  they  show  that  bran  contains  really  some  of  the^most 
valuable  constituents  of  the  grain.  It  contains  a  large  amount  of 
nitrogenous  matter,  including  the  very  important  principle  cerealui 
the  properties  of  which  we  have  abeady  described,  as  also  much  oily 
matter.  By  sifting  out  the  bran,  therefore,  we  render  the  meal  much 
less  nuti'itious ;  thiswiU  be  more  apparent  when  we  state  that  the  bran 
rarely  forms  less  than  one-fom-th,  and  is  often  considerably  more  of 
the  whole  weight  of  the  grain.  It  is  of  importance  that  this  fact 
should  be  generally  Imown,  as  the  Imowledge  of  it  may  serve  in  some 
degree  to  correct  the  preference  given  to  very  white  bread,  and  the 
notion  that  whiteness  and  quality  go  together.  The  veiw  reverse  of 
this  is  often  the  case. 

It  should  be  known  also  that  the  small  or  tail  com,  which  is  usually 
separated  from  the  other  corn,  and  used  by  the  farmer  himself  is 
richer  m  gluten  than  the  large-sized  grain.  ' 

Ash  of  wAertt— Very  many  analyses  of  the  ash  of  wheat  have  been 
made,  of  which  we  append  the  principal.  The  mineral  constituents 
contained  m  wheat  were  at  one  time  invested  with  a  peculiar  interest 
from  the  supposition  that  a  Imowledge  of  them  would  prove  of  ai-eat 
value  by  enablmg  the  agricultiuist  to  treat  the  soils  on  which  the 
grain  is  grown  m  the  manner  best  adapted  to  the  natiu-e  of  the  crop 
i  bus  his  object  would  be  to  put  into  the  soil  those  constituents  which 
were  found  to  be  of  most  importance  in  the  constitution  of  the  ash 
Ihis  supposition  IS,  however,  not  correct  to  the  extent  formerly 
beheved,  as  wiU  presently  appear. 

Messrs.  Way  and  Ogston  deduce  from  their  numerous  analyses  of 

the  ash  of  cereals  the  following  general  conclusions:  

 .  Ashes  of  Wheat. 


Potash  . 
Soda 
Lime 
Mafpiesia 
Oxide  of  iron  . 
Sulphuric  acid 
Silica  . 
Carbonic  acid  . 
Chloride  of  sodiara 
Phosphoric  acid 
Ash  in  100  parts  of 
dry  substance 


Ogston  and  Way. 

Hopeton, 
9  samples. 

Spalding. 

Creeping, 
3  samples. 

Red  straw, 

white. 
7  samples. 

Old  red 
lammas. 

27-1-36-4 

0-  1-  6-1 

1-  3-  8-2 
9-9-14-0 

0-  1-  2-0 
trace-  1-9 

1-  4-  5-6 
0-2 

0-3-  1-6 
40-0-49-2 

29-8 
5-3 
2-9 

IM 
0-2 
0-1 
2-2 
0-2 

48-2 

28-9-31-2 
1-3-  2-1 
1-5-  6-8 

12-4-13-1 

0-  1-  1-4 
0*6-  1-6 

1-  3-  5-3 

45-6-48-5 

26-7-31-1 
0-6-  3-8 

1-15-  6-9 
9-5-14'2 
0-1-  3-3 
0-1-  0'6 
2-1-  9-7 

0-34 
46-6-49-G 

34-2 

4-  5 
3-2 
9-G 
2-1 
0-3 

5-  5 

40-G 

1-7-2-05 

2-05 

1-86-1-95 

1-8-  2-1 

2-1 
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Ashes  of  Wheat. 


Potash 

Soda 

Lime 

Magnesia 

Oxide  of  iron  . 

Sulphuric  acid 

Silica 

Carbonic  acid  . 
Chloride  of  sodium 
Pbosphoric  acid 
Ash  in  100  parts  of 
dry  substance 


Ogston  and  Way. 


Frencli 


32-4 

2-  3 

3-  5 
lS-9 

1-0 

0-35 

3-05 


43-5 
1-7 


30-6 

0-  5 

4-  3 
11-1 

1-  2 
0-2 

5-  0 


41-0 
2-2 


30-3 
1-0 

3-  2 
14-3 

0-9 

4-  5 


45'8 
1-7 


Maria- 
nople. 


35-8 
91 
2-05 
14-1 
trace 
0-2 
5-0 


34-4 
1-9 


T.  Herapath. 


3  samples 
grown  on 
irrigated 
land. 


20-0-31-9 
8-9-15-0 
0-9-  1-4 

10-6-12-9 


0-1- 
0-1- 


0-2 
0-2 


46-1-48-7 
2-3 


2  samples 
on  non- 
irrigated 
land. 


Lawes 

and 
Gilbert. 


Mean 
of  23 
samples, 


33-1-35-4 
2-9-  3-1 
2-2-  5-6 
9-1-10-1 

trace 
trace 

trace 
48-2-500 

2-5 


29-35 

1-  1 
3-4 

10-7 

2-  4 

2-5 

0-13 
49-7 

2-0 


That  the  amount  of  ash  is  not  affected  in  any  definite  way  by  the 
nature  of  the  soil.  It  is  greatest  on  clay  soils,  less  on  calcareous,  and 
least  on  sandy  soils.  The  strongest  straw  contains  most  ash.  The 
ash  in  the  grain  varies  as  much  in  samples  gTown  on  the  same  soil  as 
in  those  from  different  soils,  and  hears  no  definite  relation  to  climate 
or  to  variety.  And,  further,  that  the  total  amount  of  ash  ahsti-acted 
from  the  soil  by  the  grain  is  the  same,  whatever  be  the  weight  of  the 
croT) 

That  not  only  the  amount  but  the  composition  of  the  ash  appears  to 
be  independent  of  the  natm-e  of  the  soil;  the  predominance  of  any 
constituents,  as  lime  or  silica,  by  no  means  causes  an  excess  ot  that 
same  constituent  in  the  plant,  nor  does  it  appear  that  different  bases 
have  any  tendency  to  replace  each  other ;  an  abundance  ot  soda  does 
not  cause  that  alkali  to  take  the  place  of  potash.  •    j  . 

Respectino-  these  conclusions,  different  results  have  been  arrived  at 
by  other  chemists,  as  Daubeny,  Malagutti,  and  Dm;ocher. 

The  differences  in  the  amoimt  of  ash  m  the  gram,  straw,  and  chatt 
relate  chiefly  to  silica ;  if  this  be  deducted,  the  rest  of  the  constituents 
it  is  affirmed,  exhibit  no  perceptible  variation;  the  ash  of  barley  and 
oats  differs  fi-om  that  of  wheat  only  in  the  larger  amount  of  sili«v 
contained  in  the  two  former;  if  this  be  deducted,  no  essential  dii- 

fereuces  remain.  , ,     ■> ,  ■    3  s.       i  „„„^„ 

The  foUowing  are  certain  average  results  obtained  from  observa- 
tions upon  50  different  samples  of  wheat,  the  particulars  of  which  are 
given  in  '  Watts's  Dictionary ' :— 
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The  moisture  in  100  parts  of  grain  varies  from      9-5    to  13-5    mean  H-Vfi 


»         »         »       straw  „  10-4  „  14-0  „  i]-76 

clmff  „  11-0  „  14-0  ,,  12-24 

Specific  gravity  of  the  grain  „  1-313  „    1-413  „  1-374 

Weight  in  lbs.  of  1  bushel  of  grain         „  58  „    63  „  Gl-8 

„   of  straw  to  1,000  parts  of  grain   „  730  „  1327  „  1047 

„    of  chaff      „        „        „         „  116  „  278  181 

Amount  of  ash  in  100  parts  of  dry  grain  „  1-68  „    2-19  „  1-99 

straw  „  3-61  „  12-29  „  5-31 

>»  it  it 

„     chaff  „  7-93  „  18-76  „  13-95 


THE  ANALYSIS  OF  PLOTJE. 

As  it  is  frequently  a  matter  of  much  importance  to  detennine 
the  composition  of  samples  of  wheat  flour,  we  will  now  describe  the 
various  steps  by  which  the  analysis  may  he  effected. 

Determination  of  the  gluten. — A  weighed  quantity  of  flour  is  to 
he  made  into  a  paste,  and  well  kneaded,  either  on  a  sieve  or  in  a  piece 
of  muslin,  water  being  pom-ed  over  it  until  it  ceases  to  acquii-e  a  miUiy 
colour;  the  water  carries  away  the  starch,  and  dissoh^es  out  the 
albumen,  sugar,  gum,  and  salts,  while  the  mass  left  on  the  filter  con- 
sists of '  crude  gluten.' 

Glutin. — This  substance  is  obtained  by  digesting  crude  gluten  for 
several  hom-s  with  alcohol  of  80-85  per  cent.  The  alcohol  is  then 
hoUed  and  the  supernatant  liquid  decanted.  The  mass  of  o-hiten  is 
again  boiled  several  times  with  alcohol  of  75  per  cent.  The  united 
alcoholic  liquids  which  contain  the  glutin,  casein,  and  a  little  oil  become 
tm-bid  on  cooling,  principally  from  the  deposition  of  the  casein.  Half 
the  alcohol  is  now  to  be  distilled  off,  when  floccidi  of  casein  mixed  with 
glutin  and  fat  become  deposited.  The  remainder  contains  the  glutin, 
which  is  obtained  by  evaporation  and  drying  over  the  water-bath, 
whereby  the  casein  which  still  remains  is  rendered  insoluble,  when 
finally  the  glutm  is  redissolved  in  alcohol  or  dilute  acetic  acid,  fi-om 
which  it  may  be  obtained  in  a  state  of  pm-ity  by  evaporation.  To 
purify  the  casein,  it  must  be  dissolved  in  alcohol  of  50  per  cent.,  and 
the  hot  solution  filtered  through  calico,  then  left  to  cool,  it  being  fre- 
quently agitated  while  the  deposit  is  forming. 

Fibrin. — This  is  insoluble  in  alcohol  and  forms  the  chief  part  of 
the  crude  gluten ;  it  is  left  in  nearly  a  pm-e  state  after  the  action  of 
the  alcohol,  but  it  still  contains  small  quantities  of  starch,  husk,  cel- 
lulose, and  oil,  from  which  it  may  be  separated  as  follows  .-—It  must  be 
dissolved  in  a  dilute  solution  of  potash,  precipitated  by  acetic  acid,  and 
after  drying  the  fat  is  to  be  removed  by  means  of  ether.  Or  the  fibrin 
after  exhaustion  with  alcohol  may  be  dissolved  in  very  dilute  hydro- 
chloric acid,  from  which  it  may  be  obtained  as  a  precipitate  on  neutra- 
lisation with  ammonia.  The  hydrochloric  acid  solution  behaves  just 
like  that  of  the  fibrin  of  muscle,  showing  the  identity  of  vegetable  and 
anunal  fibrin. 
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For  the  other  constituents  of  the  -wheaten  flour  we  must  search  in 
the  water  which  has  passed  through  the  sieve. 

Albumen.— This  substance  is  procured,  after  the  subsidence  of  the 
starch,  by  concentrating  and  then  boiling  the  water,  slightly  acidu- 
lating with  acetic  acid.  The  albumen  is  coagulated,  and  may  be  sepa- 
rated after  washing  with  hot  alcohol  and  ether,  by  filtration  through  a 
weiorhed  filter. 

"Casein  or  mucin. — We  have  already  shown  how  this  substance  may 
be  obtained  from  the  crude  gluten  in  a  state  of  pui-ity,  but  for  its  quan- 
titative estimation  we  must  proceed  as  follows : — After  the  separation 
of  the  albmuen,  acetic  acid  is  to  be  added  to  the  filtrate.  This  throws 
down  the  casein,  which  may  also  be  collected  on  a  weighed  filter. 

Estimation  of  total  nitror/en.— The  total  amount  of  nitrogen  _  is 
ascertained  by  the  combustion  of  from  1  to  2  grammes  of  the  flour  with 
soda-lime.  The  quantity  of  nitrogen  obtained,  multiplied  by  6-33, 
represents  the  amount  of  niti-ogenous  substances. 

,5';rt,.c/i —The  starch,  suspended  in  the  water,  gradually  subsides, 
when  it  may  readily  be  collected  on  a  filter,  washed,  dried,  and  weighed. 
Or  a  weighed  qiiantity  of  the  flour  may  be  exhausted  with  water,  which 
will  remove  the  sugar  and  dextrin.  The  insoluble  residue  is  converted 
into  o-lucose  in  the  usual  manner  by  the  action  of  dilute  sulphuric  acid, 
as  mil  be  found  described  in  the  article  on  '  Sugar,'  and  the  glucose 
estimated  bv  means  of  the  copper  solution,  the  quantity  of  starch  bemg 
calcidated  from  the  amoimt  of  the  glucose  found,  100  parts  of  glucose 
corresponding  to  90  parts  of  starch.  _  j  . 

Suaar  and  dextrin.— In  a  part  of  the  watery  solution  referred  to 
in  the  previous  paragraph,  the  sugar  is  first  estimated  by  the  copper 
solution.  The  dexti-in  in  the  other  portion  is  converted  into  glucose, 
and  likewise  estimated.    100  parts  of  glucose  are  equal  to  95  parts  ol 

*^^^0™La  weighed  quantity  of  the  dried  and  bruised  wheat  or  flour 
is  treated  two  or  three  times  with  ether,  imtil  all  traces  of  fat  are  re- 
moved.   The  ether  is  evaporated  and  the  fat  weighed.       _  _ 

Water.— The  quantity  of  water  is  estimated  by  drying  m  the 
water-bath  in  the  usual  manner.        .    ,  ,     .    .      ^.         ^  +i  •« 

Mineral  matters.— These  are  obtained  by  incineration,  and  their 
nature  and  amounts  may  be  ascertained,  should  it  be  necessarv  to 
make  a  fidl  analysis,  by  the  adoption  of  the  several  processes  which 
have  been  given'  elsewhere  in  this  work,  and  most  of  which  will  be 
found  described  in  the  articles  on 'Water 'and 'Tea  _ 

To  determine  the  quality  of  the  crude  gluten,  a  little  mstrmnent 
has  been  invented  by  Mr.  Boland,  termed  an  \  aleurometer. 

Of  this  instrument  the  following  description  is  given  by  JW.r. 

^^'*at  coMists  of  a  hoUow  copper  cylinder,  about  six  inches  long,  a^d 
from  three-quarters  of  an  inch  to  an  inch  in  diameter.    I*  l^^s 
principal  parts;  the  one,  about  two  inches  long,  is  closed  at  one  end, 
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forming  a  land  of  cup  capable  of  containing  about  210  grains  of 
fresh  gluten;  it  screws  into  the  remainder  of  the  cylinder.  The 
cylinder  being  charged  with  gluten,  is  heated  to  about  420°  F.  in  an  oil- 
bath.  The  gluten  by  this  treatment  swells,  and  according  to  its  rise 
in  the  tube  (which  may  be  measm-ed  by  a  graduated  stem)  so  is  its 
quality.  Good  flom-s  fiu-nish  a  gluten  which  aixgments  to  four  or 
live  times  its  original  bulli ;  but  Ijad  floui-s  give  a  gluten  which  does 
not  swell,  becomes  viscous  and  nearly  fluid,  adhering  to  the  sides  of 
the  tube,  and  giving  off  occasionally  a  disagreeable  odour,  whilst  that 
of  good  flom-  merely  suggests  the  smell  of  hot  bread.' 

The  proceeding  adopted  by  the  corn-chandler  and  the  baker  for 
the  determination  of  the  quality  of  wheaten  flom-  is  still  more  simple: 

A  small  quantity  (a  few  grains  is  suificient)  is  made  into  a  paste 
with  water,  and  its  quality  judged  of  by  the  tenacity  of  the  dough, 
as  shown  by  the  length  to  which  it  may  be  drawn  into  a  tln-ead,  or  the 
extent  to  which  it  may  be  spread  out  in  a  thin  sheet. 


STRUCTUKE  OF  THE  GEAIK  OF  WHEAT. 

Several  structures  enter  into  the  formation  of  the  seed  or  grain  of 
wheat,  as  well  as  that  of  the  other  cereals. 

Fii'st,  the  seed  is  sm-roimded  by  membranes,  called  the  testa- 
second,  the  surface  of  the  seed  proper  is  formed  of  angular  cells,  filled' 
with  glutinous  and  oily  matter  in  a  granular  state';  while  the  substance 
of  the  seed  is  made  up  of  cells  filled  with  starch  corpuscles.  Now  each 
of  the  parts  enumerated  difier  in  the  several  cereal  grains. 

_  The  testa  is  in  part,  but  not  entu-ely,  removed  in  the  process  of 
grinding  and  di-essing  the  flom-,  and  the  same  is  the  case  with  the  cells 
forming  the  surface  of  the  grain. 

The  following  is  the  exact  structiu-e  of  the  grain  of  wheat : — . 

The  testa,  covering  the  immediate  surface  of  the  seed,  consists  of 
three  layers  of  cells,  two  of  which  are  disposed  longitudinally  to  the 
axis  of  the  seeds,  and  the  other  transversely.  The  longitixdinal  cells  are 
large,  and  the  margins  distinctly  beaded,  especially  the  outer  layer  ; 
the  ti-ansverse  cells  are  also  beaded,  but  to  a  less  extent. 

The  cells  forming  the  surface  of  the  seeds  are  large  and  angular ; 
those  of  its  substance  are  still  larger,  and  each  encloses  a  considerable 
number  of  starch  corpuscles,  which  are  smaller  near  the  outer  parts  of 
the  grain  than  towards  the  centre.  These  several  layers  of  cells  may 
be  described  as  three  distinct  membranes. 

The  structure  of  the  testa  and  of  the  substance  of  the  seed  is 
exhibited  in  the  engravings  (fig.  72).- 

Viewed  with  an  object-glass  magnifying  420  diameters  linear 
wheat  starch  is  observed  to  consist  of  definite  grains  or  particles  • 
many  of  these  are  very  small,  others  are  of  considerable  dimensions' 
while  there  are  but  few  of  intermediate  sizes :  the  small  grains  are 
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chiefly  roimd  rarely  oval,  or  miiller-shaped,  and  for  the  most  nart 
provided  mth  a  central  spot  or  hilum;  the  larger  granules  form 
rounded  or  flattened  discs,  with  thin  edges.  Neither  hiliun  nor  con 
centnc  rings  are  m  general  perceptible  on  the  larger  discs,  although 
m  some  few  a  central  tubercle  may  be  seen,  as  well  as  indistinct 
annidi  Occasionally  some  of  the  larger  gramdes  are  more  or  less 
twisted  or  turned  up  at  the  edges,  and  when  seen  sideways,  present 
the  appearance  of  a  longitudinal  fm-row,  which  has  been  erroneously 
described  as  a  hilimi:  this  appearance  is,  however,  deceptive ;  it  is 

Pig  73. 


I 


^  engravii^  represent'  the  stracture  and  appearances  of  the  starch  grantdes 
of  WHKAT  Flour,  as  also  the  characters  of  the  cellulose.  Drawn  with  the 
Camera  Lucida,  and  magnified  420  diameters. 


I 

pealJy  occasioned  by  the  partial  folding  or  curling  of  the  grain  on 
•^Itself,  whereby  a  central  depression  is  produced,  the  corpuscle  at  the 
same  time  being  viewed  obliquely.  We  have  frequently  seen  grains 
which  when  stationary  presented  a  round  and  disc-like  appearance, 
but  which,  m  rolling  over  and  presenting  the  edges  to  view,  exhibited 
the  longitudinal  furrow  described,  an  observation  which  clearly  proves 
Its  natiu-e.  A  few  granules  attain  a  very  considerable  size  ;  these  are 
less  regularly  circular,  and  being  much  flattened,  exhibit  but  little 
shadow;  sometimes  their  edges  are  faintly  raarlced  with  radiatino- 
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lines  Examined  with  the  polariscope  they  exhibit  a  well-marked 
cross.  Many  of  the  above-described  particulars,  as  also  the  characters 
of  the  cellulose,  are  well  exhibited  in  fig.  73. 


Fig.  74. 


a,  starch 


i,=„t  flnnr  •  h  ditto  of  the  same  baked,  with  moisture 
I'^Vai:^^^^^^^^^        ^"in'^^dLg.   Magnified  400  diameters. 


OS 


ferent  starches  to  „X  «"nci°s  to  which  they  ha« 

ETpS^l^;  rSS^r^Vrf pe.-c.,ed  on  a„ 
attentive  examination  of  the  engraving  (lig.  74;. 
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The  differences  'between  the  raw,  moist  haked,  and  boiled  starch 
granules  of  -wheat  and  the  other  cereals  are  very  marked :  those 
of  the  dry  baked  are  less  marked  ;  they  are,  however,  on  the  average 

Fig.  75. 


Testa  and  surface  of  seed  of  Bahlkt.  Magnified  200  diametere. 


much  larger  than  the  raw  granules,  the  form  less  regular,  that  of 
the  smaller  grains  especially  being  a  good  deal  altered ;  the  shadows 
are  less  marked,  and  m  some  of  the  granides  the  concentric  rings  are 
rendered  more  conspicuous.    To  these  illustrations  of  the  variations  in 

c  2 
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the  condition  of  the  granules  of  wheat  flom-  a  fifth  might  haveheen 
added  representing  the  characters  of  the  starch  in  Bntish  gum  or  dex- 
trin made  from  wheat  starch;  in  this  the  granules  are  destroyed  to  a 
o-reat  extent,  but  here  and  there  granides  and  portions  of  granules  may 
be  discovered,  often  exhibiting  the  concentric  rings  and  sufficient  to 
serve  for  its  identification,  and  to  detei-mine  whether  the  gum  was  made 
from  wheat  or  potato  flom*. 

^t  is  by  means  of  British  gnmi  that  the  backs  of  postage  labels  are 
rendered  adhesive,  as  may  be  shown  readily  by  submitting  a  small  por- 
tion scraped  from  the  label  to  examination  with  the  microscope. 

Fig.  76. 


140  diameters. 

BAEIET  FLOUR. 

There  are  several  distinct  species  of  barley,  that  however,  which 
is  cominonly  c  in  this  country  is  the  Ilordcmn  duUchon,  or 

Zmet'^Sin  commerce  the  seeds  or  grains  are  --Uy  -closed 
-'^2^:X^iS^^t^^  of  a.otised  compomidsin 
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Parley  is  less  than  in  wheat  floiu- ;  it  is  deficient  particularly  in  crude 
gluten,  so  that  harley  paste  may  he  nearly  all  washed  away  "in  water. 

The  milky  fluid  obtained  by  washing  harley  paste,  deposits,  as  well 
as  the  starch,  a  protein  matter  supposed  to  ^iQ  insoluble  caseiv :  if  this 
he  digested  with  a  solution  of  ammonia,  it  is  dissolved,  hut  is  ao-ain 
thi-own  down  on  the  addition  of  acetic  acid ;  the  liquid  which  '^has 
deposited  the  starch  and  insoluble  casein  still  holds  in  solution  a 
small  quantity  of  albiunen  and  some  soluble  casein. 

The  substance  to  which  Proust  gave  the  name  of  Hordein  is  stated 
not  to  he  a  definite  compound,  but  to  consist  of  starch  and  cellulose 
with  an  albiuninoid.  ' 

Barley  flour  is  less  nutritive  than  wheat  flom-  and  somewhat  laxa- 
tive ;  its  starch  corpuscles  are  less  soluble,  and  therefore  resist  more 
the  action  of  the  gastric  juice ;  the  husk  is  slightly  acrid. 

The  following  analyses  of  barley  and  its  ash  have  been  made  : — 


Analyses  of  Barley. 


Starch 
Fat 

Celhilose  . 
Gum 
Sugar 

Nitrogenous  matter . 
Ash 

Water  . 


Von  Bibrn. 
In  the  meal. 

Von  Bibra. 
In  the  bran. 

Poison. 
Air-dried  grain. 
New  Scotch. 

69-950 

42-008 

52-7 

2-170 

2-960 

2-6 

19-400 

11-5 

6  744 

6-885  > 

3-200 

1-904  \ 

4-2 

12-981 

14-843 

13-2 

2-8 

15-000 

■ 

12-000 

12-0 

Ashes  of  Barley. 


Potash 

Soda 

Lime 

Magnesia 

Oxide  of  iron  . 

Sulphuric  acid 

Silica 

Carbonic  acid  . 
PhoHphoric  acid 
Chloride  of  sodium 

Ash  in  dry  substance 


Way  and  Ogston. 


Chevalier, 
5  samples. 

Moldavian. 
3  samples. 

Long-eared. 
Nottingham. 

20-8-37-2 

19-8-31-6 

32-0  • 

0-5-  1-4 

0-9-  4-9 

1-2 

1-5-  3-6 

1-2-  4-2 

3-4 

2-9-  8-7 

8-2-10-2 

11-0 

0-1-  2-1 

0-1-  1-0 

0-15 

trace-  2-7 

0  .3-  0-5 

trace 

17-3-32-7 

24-6-30-4 

21-12 

0-5 

20-.3-38-8 

28-7-38-0 

29-9 

•2-3-1 1-1 

trace-  15 

0-7 

2-.3-  2-7 

2-1-  2-6 

2-20 
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The  Analysis  of  Barley. 
■  This  must  be  conducted  very  much  in  the  same  manner  as  that  of 
wheat  flour. 

Structure  of  the  Grain  of  Barley. 

ThP  tpcita  of  the  ffrain  of  harley  differs  considerably  from  that  of 
whelt  It  consVsts  usuaUy  of  four  laj^rs  of  cells  ;  they  are  smaller  than 

arHot  bladed  hut  those  forming  the  outer  layer  have  their  margins 
slightly  waved  ;  those  of  the  inner  layer  and  of  the  transverse  cells 

"""^  ^h?LllsTf'lhe  surface  of  the  gi-ain  are  not  neai-ly  so  large  as  those 
of  wheat,  and  thev  form  three  layers,  in  place  of  one  as  m  wheat 
Thole  of  ts  substance  also  differ  from  the  corresponding  cells  of  wheat 
ieing  more  delicate,  and  presenting,  when  emptied  of  starch,  a  fibrous 

'^^iTsTaiS' graces  of  barley  resemble  very  closely  in  fonn  and 
striictm-e  those  o^f  wheat,  so  that  the  description  already  given  applies 
to  some  ettent  to  the  starch  of  barley.  -^i  -u  ^  j>  „  „f 

Baidey  starch  consists  of  smaU  and  large  gi-ams,  with  but  few  of 
intennedfate  size:  the  former,  it  is  to  be  particularly  observed,  are 
SSe  oSom-  times  smaller  than  the  corresponding  grams  of  wheat 
!fatl.  and  of  the  lai-er  grains  many  are  distmctly  ringed  while  a 
starch ,  and  ot  ttie  lai^^^  g  J  longitudinal  fmTow, 

^h^ttS:  f  wH  S^^^^^^^^  described.  .  These  characters  are 
^ifficLn  ly  Wl  marked  to  allow  of  the  discrhnmation  by  the  micro- 
sumciemiy  Examined  with  the 

'''■n«,„MBmHe  diffei-ence  is  olsemd  Ijetwen  wlieat  and  barley 

flour  (figs.  75  and  76). 


ThA  .rriss  from  which  rye  is  obtained  is  the  Secale  eereale. 
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breaks  up,  and  becomes  diffused  tln-oughout  the  liquid,  the  bran  only- 
being  left  behind ;  the  milliy  liquid,  after  having  deposited  the  starch, 
and  after  the  separation  of  the  albumen,  is  to  be  evaporated,  when  the 
residue  will  consist  of  sugar,  oil,  and  the  so-called  '  soluble  gluten,^ 
which  may  be  dissolved  out  by  means  of  alcohol. 


Analyses  o  f  Rye. 


Pehling  &  Paisst. 

7  samples. 
Dried  at  100°  C. 

Poggiale. 
Mean  of  samples. 
Dried  at  120°  C. 

PilUtz. 
Air-dried. 

Starch     .      .  1 
Fat         .      .  J 

Cellulose  . 
(ium  and  sugar 
Nitrogenous  matter . 
Ash 

Water  . 

78-58-85-25 
1-24-  2-30 

10-40-15-83 
1-90-  2-30 
12-62-14-70 

65-5 
2-0 
6-4 

8-8 
1-8 
15'5 

56-4 

2-  2 

3-  9 
6-8 

12-  4 
1-5 

13-  8 

Horsford  and  Krocker. — Dried  at  212°  P. 

Rye  flour  from 
Vienna. 

Eye  flour  from 
Holienheim. 

Gluten  and  albumen 

Starch   

Woody  fibre,  gum,  sugar 
Aah  

11-92 
60-91 
24-74 
1-33 

18-69 
54-48 
24-49 
1-07 

17-73 
45-09 
35-77 
2-43 

15-76 
47-42 
35-25 
2-37 

98-90 

98-73 

101-02 

100-80 

Moisture  in  fresh  substance  . 

13-78 

14-68 

13-94 

13-82 

Rye  Flour. 


Einhof. 

Greif. 

Boussingault. 

Gluten 
Albumen 

9-48 
3-28 

12-87 
3-0  ]■ 

10-5 

Starch 

61-07 

68-8 

64-0 

Sugar 

3-28 

10-4 

8-0 

Gum 

11-09 

7-2 

11-0 

Cellulose 

6-88 

0-0 

Fat,  acid,  loss  . 

5-62 

7-8 

8-5 

100-20 

100-0 

98-0 
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Mineral  Matter  of  Bye. 


Potash 

Soda 

Lime 

Magnesia 

Oxide  of  iron  . 

Phosphoric  acid 

Chloride  of  sodium 

Silica 

Sulphuric  acid . 
Coal,  sand 


Fresenius  and  Will. 

Fresenius  and  Will. 

Way  and  Ogston. 

31-89 

11-43 

QQ.QO 

4-33 

18-89 

0-39 

2-84 

7-05 

2-61 

9-86 

10-57 

12-81 

0-80 

1-90 

1-04 

46-03 

57-81 

39-92 

trace 

1-42 

0-69 

9-22 

0-17 

0-51 

0-18 

2-66 

100-00 

100-00 

Way  and  Ogston.— Unknown  varieties. 


Potash 

Soda 

Lime 

Magnesia 

Oxide  of  iron  . 

Sulphuric  acid 

Silica 

Carbonic  acid  . 
Phosphoric  acid 
Chloride  of  sodium 

Ash  in  dried  grain 


33-8 

16-6 

9-4 

0-4 

19-9 

16-1 

2-6 

11-25 

15-3 

12-8 

13-0 

10-1 

1-0 

2-2 
2-6 

0-2 

0-5 

9-2 

3-6 

14-6 

39-9 

33-5 

25-1 

1-6 

4-2 

1-6 

2-65 

1-9 

Rye  flour  is  said  to  te  somewhat  laxative. 

The  roasted  grains  were  fi-equently  employed  m  the  adulteration 
of  coffee. 

Structure  of  the  Grain  of  R%je. 
The  testa  of  rye  approaches  somewhat  closely  in  structm-e  to  that 
nf  wheat  as  is  evident  on  an  examination  of  the  subjomed  engravmg. 
?hle  arVhowevS^e  differences;  thus,  the  cells  of  the  hrst  and 
second  ^oats  are  smaUer  and  much  more  delicately  headed ;  those  of 
the  third  coat  are  also  smaUer  and  of  a  somewhat  difierent  form  (fig. 

^^''"ThA  «fnrph  o-ranules  of  rve  flour  hear  a  general  resemblance  inform 
and  sLe  to  ttsCf  wheat  :^there  are  these'remarkable  and  sat:sfactoiT 
differences  however-viz.,  that  the  lesser  grains  are  decided  y  smaller 
the  coi^^^^^^  grains  of  wheat,  and  that  mar.y  of  the  to 
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pranules  of  rye  starch  are  fiu-nished  with  a  three  or  four-rayed  hihun. 
Examined  with  the  polariscope  they  exhibit  a  very  strongly  marked 
cross  (fig.  78). 


OAT  FLOtTE. 


There  are  several  distinct  species  of  oats  ;  that,  however,  which  is 
chiefly  cultivated  in  this  coimtry  is  Avena  sativa. 


Mg.  77. 


Sb-vcture  of  testa  of  Rye.  Vertical  and  transverse  views  :  a  a,  outer :  J  J,  middle, 
and  c  c,  inner  coats.  Magnified  220  diameters. 

The  oat  grains  or  seeds  are  usually  enclosed  in  their  husks ;  when 
deprived  of  these  they  form  what  are  known  as  '  r/roats'  and  these 
crushed  constitute  '  Emlden  (/roats: 

Oat  floiu-  or  meal  does  not  form  a  dough  or  paste  like  wheat  flour  • 
notwithstandmg  which,  however,  it  contains  a  large  amount  of  nitro- 
enised  matter  ;  this  exists  principally  in  the  form  of  '  Avenin,'  a  sub- 
stance analogous  to  soluble  casein  or  legiuuin,  and  obtained  in  the 
same  manner,  by  the  addition  of  acetic  acid. 
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'  Ocatmeai;  Pereira  remarks,  '  is  an  important  and  valuable  article 
of  food.  With  the  exception  of  maize  or  Indian  corn  it  is  richer  in 
oily  or  fatty  matter  than  any  other  of  the  cultivated  cereal  grains ; 

Fig.  78. 


;i  -nv^Tinrtinn  of  nrotein  compounds  exceeds  that  of  the  finest 
e1i  h  Sten  Som-  ;Cthat  1 J  with  respect  to  its  heat  and  fat 
Sg,  Tnd  its  flesh  'and  Wood  making  principles,  it  holds  a  high 

Analyses  of  Oats.   . 


} 


Starch 
Fat  . 
Cellulose  . 
Gum  aud  sugar 
Nitrogenous  matter 
Ash 

Water  . 


Fehling  and 
Faisst. 
G  samples 
dried  at 
100°  C. 


Feliling  and 

Faisst.  Poggiale. 
2  samples,     Shelled  gr.om, 
treeirom  husk,'dried  at  120°  C 
dried  at  100°  C. 


70-24-7G-41 
10-00-11-39 

10-G9-16-59 
2-65-  3-01 
12-47-U-13 


82-30- 
0-92- 


82-90 
1-41 


14-r2-14-16 
2-06-  2-13 
14-86-15-06 


PUUtz. 
Air-dried 
grain. 


61-9 

54-1 

6-1 

2-7 

3-5 

7-8 

4-1 

11-2 

14-1 

3-61 

2-4 

14-2 

13-9 
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Scotch  Oat,  exclusive  of  husk. 


1 

Norton  and  Froraberg. 

Northumber- 
land. 

Ayrshire. 

Ayrshire. 

Northumber- 
land. 

Starch 
Sugar 
Gum 
Oil  . 

Nitrogenous  matter 
Epidermis 
Mineral  matter 

66-24 

4-  51 
2-10 

5-  44 
18-69 

1-  18 

2-  84 

64-80 
2-58 
2-41 
6-97 

19-01 
2-39 
1-84 

64-79 
2-09 
2-12 
6-41 

20-81 
2-84 
0-94 

65-60 

0-  80 
2-28 
7-38 

19-91 
2-28 

1-  75 

100-00 

100-00 

100-00 

100-00 

Ash  of  Oats. 


J. 

Norton. 

"Way  and  Ogston. 

Potato. 

Hopeton, 
3  samples. 

Hopeton, 
4  samples. 

Potato, 
i  samples. 

Polish. 

Polish. 

Potash 

31-6 

20-6-21-0 

13-6- 

■17-8 

13-1- 

-19-7 

24-3 

16-8 

Soda 

0-5- 

8-8 

0-8- 

-  3-0 

38 

5-3 

Lime  . 

6-3 

6-7-10-1 

2-8- 

4-2 

1-3- 

-  3-8 

35 

8-35 

M  agnesia  . 

8-7 

7-8-11-0 

6-1- 

7-3 

6-5- 

-  8-2 

7-3 

5-9 

Oxide  of  iron 

0-9 

0-4-  5-1 

trace- 

2-1 

0-3- 

■  1-3 

0-7 

0-1 

Sulphuric  acid  . 

17-4 

1-1- 

2-5 

0-1- 

-  1-4 

1-7 

4-0 

Silica 

0-9 

1-3 

38-5- 

51-5 

39-8- 

50-0 

41-9 

43-2 

Carbonic  acid 

0-6 

Chloride  of  sodium 

and  potassium  . 

0-35 

1-6-  5-3 

0-9- 

2-6 

0-1- 

0-45 

Pho.-^phoric  acid  , 

49-2 

88-5-46-3 

18-3- 

26-5 

18-7- 

29-2 

14-5 

16-2 

Total  ash  in  dry 

grain 

2-22 

2-14 

2-5- 

3-8 

2-6- 

3-3 

3-0 

3-8 

Structure  of  the  Grain  of  the  Oat. 

The  memhranes  covering  the  gi-ain  of  oat,  contrasted  with  those  of 
the  other  cereals,  present  several  peculiarities. 

The  longitudinal  cells  forming  the  outer  membrane  are  disposed  in 
two  layers ;  they  are  large  and  well  defined,  the  walls  being  rather  thin 
^  and  .slightly  waved  ;  from  the  upper  and  outer  wall  of  some  of  the  cells 
spnngsa  single  long  and  pointed  hair,  the  point  being  turned  towards 
the  summit  of  the  grain ;  these  hairs  arise  from  the  cells  over  the 
whole  surface  of  the  grain,  but  they  become  more  numerous  towards 
the  apex,  where  they  form  a  beard  or  tuft,  as  in  wheat. 
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The  transverse  cells,  which  may  he  descrihed  as  forming  the  second 
investing  memhrane,  are  disposed  'in  a  single  layer ;  their  walls  are  less 
accurately  defined,  and  they  are  not  very  much  longer  than  broad. 

The  cells  forming  the  siirface  of  the  seed  itself,  and  which  may  he 
described  as  the  third  covering  of  the  grain,  also  consist  of  a  single 
layer ;  they  are  smaller  than  the  corresponding  cells  of  wheat  (fig.  79). 

Fig.  79. 


Testa  of  OAT.  a  a,  outer  ;  6  b,  middle  ;  and  c  c,  inner  tunics.   Magnified  200 

diameters. 

The  starch  oranules  of  the  oat  present  weU-marked  structural  cha- 
racterist  cs  fhev  are  smaUer  in  size  than  those  of  wheat,  varying 
iut  li  dimeLions,  are  polygonal  in  fig|n-e, 

concentric  rin-s  or  hila,  but  with  central  depressions  and  thickened 
Xes     The  oiat  peculiarity  of  oat  starch,  however,  is,  that  many  of 
he  p-ains  cohere  together,  farming  bodies  of  -^--^ed  or  °va^^^^^^^ 
and  "presenting  a  reticulated  surlace,  indicative  of  hen  comi^and 
structure.    These  bodies  escape  readily  from  the  cellulose,  and,  ^shen 
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oat  flom-  is  diffused  tlirougli  water,  may  frequently  be  seen  floatino- 
about  freely  in  the  liquid.  A  second  peculiarity  is,  that  unlilce  the  other 
cereal  starches,  the  grains  of  oat  starch,  when  viewed  with  polarised 
light,  do  not  exhibit  the  usual  crosses.  The  above  particidars  are 
well  exhibited  in  the  engraving,  fig.  80.  The  walls  of  the  cells  of  the 
cellidose  are  very  delicate,  and  appear,  when  the  cells  are  emptied  of 
the  stai-ch,  like  threads,  as  represented  in  the  engraving. 

Fig.  80. 


This  engraving  represents  the  structure  and  character  of  thestarth  cov|jusclea 
of  Oat  Flour,  as  also  of  the  celhtlose.  Drawn  with  the  Camera  Lucida,  and 
magnified  420  diameters. 


figure  of  oat  .starch  is  given  in  the  new  edition  of  Pereira's 
'  Materia  Medica.'  In  this  the  larger  gi'ains  are  made  fidly  equal  in 
size  to  those  of  wheat  starch ;  whereas  they  are  really  several  times 
smaller,  as  represented  in  our  engraving.  This  error  has  probably 
ansen  from  the  artist  having  mistaken  the  compound  bodies  in  ques- 
tion for  single  granules.  The  same  error  pervades  some  of  the 
measurements  given. 
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INDIAN  CORN  FLOTTB. 


Zea  Mays,  or  Indian  corn,  is  met  mth  in  the  state  of  flour,  in  the 
shops,  under  the  name  of  '  Polenta ; '  it  enters  into  the  dietary  of 
many  of  our  public  institutions  and  charities,  and  is  much  used  m  the 
New  World. 

Fig.  81. 


Lucida,  and  magnified  420  diameters. 

The  amount  of  azotised  constituents  is  less  ^^^^^^  *^X^^^e 
Whtn  washed  with  water  it  does  not  leave  any  -lutmous  residue  like 

™'??ose  unaccustomed  to  its  use,  maize  is  considered  to  excite  and 
to  keep  up  a  tendency  to  diarrhcBa. 


FLOUB  AND  ITS  ADULTEEATIONS.  303 


Analyses  of  3Iaize. 


Poison. 

J.  u^^iiiit^. 

Payen. 

Air-dried, 

Dried  nt  120°  C. 

4  samples. 

Mean  of  samples. 

Dried  at  100°  C. 

Starch 

50-1- 

-54-8 

64-5 

71-2 

Fat  . 

4.4_  4-7 

6-7 

9-0 

Cellulose  . 

14-9- 

-20-4 

4-0 

5-9 

Gum  and  sugai- 

2-3- 

-  2-9 

0'4 

Nitrogenous  matter 

8-7- 

-  8-9 

9-9 

12-8 

Ash  ... 

1-6- 

-  1-8 

1-4 

1-2 

Water 

11-5- 

-18-2 

lo-O 

Ash  of  Maize. 


Promberg. 

Letellier. 

Potash  

26-63  ■) 

30-8 

Soda  

7-54; 

Lime  

1-59 

1-3 

Magnesia  .... 

15-44 

17-0 

Phosphoric  acid 

39-65 

50-0 

Sulphuric  acid 

6-54 

Silica  

209 

0-8 

Oxide  of  iron  

0-60 

Loss  

0-92 

0-1 

100-00 

100-00 

Ash  of  Maize. 


Way  and  Ogston. 
Forty-day. 

* 

Graham,  Stenhouse, 

and  Campbell. 
Unknown  variety. 

Potash  

28-4 

30-7 

Soda  

1-7 

Lime  

0-6 

3-1 

Magnesia  .... 

13-6 

14-7 

Oxide  of  iron  .... 

0-6 

0-8 

Sulphuric  acid 

trace 

4-1 

Silica  

1-65 

1-8 

Carhonic  acid 

Phosphoric  acid 

53-7 

44-5 

Chloride  of  sodium  . 

0-5 

Ash  in  dried  grain  . 

1-5 
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Structure  of  the  Grain  of  Indian  Corn. 
The  testa  of  the  grain  of  Indian  corn  is  made  up  of  two  memhranes  ; 
the  outer  of  these  consists  of  some  seven  or  eight  layers  ot  cells,  all 
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running  in  one  direction,  and  about  three  times  as  long  as  broad  •  the 
margins  of  the  outermost  layer  are  beaded,  the  headings  beino- remark- 
able for  a  certain  squareness  of  outline.  ° 

The  inner  membrane  forms  the  sm-face  of  the  seed  proper  and 
consists  of  a  single  layer  of  cells  resembling  those  of  the  other 
cereals  (fig.  82). 

The  cells  of  the  cellulose  are  very  angular,  like  those  of  rice  but 
they  differ  in  being  subdivided  by  niunerous  septa,  forming  a  c'ellu- 
lated  network  or  blastema,  each  space  enclosing  a  separate  starch  cor- 
puscle. 

The  starch  corpuscles  of  Indian  corn  bear  considerable  resemblance- 
to  those  of  the  oat ;  like  them,  they  are  somewhat  polygonal  in  outline 
and  present  well-marked  central  depressions,  as  well  as  occasionally  a 
divided  and  radiate  hilnm ;  they  differ,  however,  in  their  much  larger 
size,  in  not  forming  compound  bodies,  and  in  presenting  under  the 
polaiiscope  well-defined  crosses.  The  central  depression  appears  to  be 
a  character  common  to  nearly  aU  the  starch  granules  of  the  cereal 
grasses.  _  This  depression,  combined  with  the  disc-like  form  of  the 
gi-ams,  gives  them  a  general  resemblance  to  the  blood  discs  of  the 
mammalia.  In  those  instances  in  which  the  grains,  as  in  wheat  and 
barley,  are  cm-ved  upon  themselves,  the  depression  exists  of  course  onlv- 
on  one  side  of  the  disc. 


EICE  PIOTJE. 

_  The  seeds  of  rice,  Onza  satim,  contain  a  much  less  proportion  of 
nitrogenised  compounds  than  the  other  cereal  grains,  and  particularly 
wheat,  namely  about  7  per  cent.  The  quantity  of  fatty  matter  is  also 
less. 

The  nitrogenous  substance  obtained  from  rice,  precipitable  by 
acetic  acid,  'has  a  creamy  consistence,  an  agreeable  smell,  and  a  bland 
taste.' 

Much  difference  of  opinion  has  prevailed  in  reference  to  the  value 
of  rice  as  an  article  of  diet,  some  persons  placing  it  very  high.  Ana- 
lysis, however,  clearly  proves  that  it  is  the  least  nutritious  of  the 
cereal  gi-asses ;  while  it  usually  contains  7  or  8  percent.,  of  gluten,  wheat 
flour-  rarely  furnishes  less  than  12  per  cent. ;  again,  when  cooked,  rice 
swells  up  greatly  and  imbibes  a  very  large  quantity  of  water,  boiled 
rice  containing  about  77  per  cent,  of  moisture.  This  renders  it 
necessary  that  a  large  bulk  of  cooked  rice  shoidd  be  eaten  to  constitute 
a  sufficient  meal. 

_  This  difference  of  opinion  has  probably  arisen  from  the  fact  that 
nee  IS  seldom  eaten  by  itself,  but  is  partaken  of  frequently  with  milk 
butter,  or  sugar,  the  nutritious  properties  of  which  substances  increase' 
greatly  those  of  the  rice  itself. 
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Analyses  of  Rice. 


Poison.  1 
Air-dried. 

Poggiale.  1 
Dried  at  100°  C. 

Pay  en. 
Dried  at  100°  C. 

Starch       ,      .      .  • 

Fat  

Cellulose    .       .       .  • 
Gum  and  sugar  . 
Nitrogenous  substance 

Ash  

Water  .... 

78-8 
0-1 

0-  2 

1-  6 
7-2 
0-9 
9-8 

74-5 
0-2 
3-4 

7-8  ! 
0-3 

86-9 
0-8 
S-4 
0-5 
7-5 
0-9 

Ash  of  Rice. 

Miispratt. 
Grain. 

Muspratt. 
Husk. 

Zedeler. 

Potash       .      .      •  • 
Soda          .       .      .  • 
Magnesia 

Lime         .       .       •  • 
Phosphoric  acid  . 
Sulphuric  acid  . 
Silica         .      -       .  . 
Oxide  of  iron 

18-48 

10-  67 

11-  69 
1-27 

53-36 

3-35 
0-45 

1-60 
1-58 
1-96 
1-01 
1-86 
0-92 
89-71 
0-54 

20-2 
2-5 
4-25 
7-2 

GO-2 

1-4 

99-27 

99-18 

95-7 

Structure  of  the  Grain  of  Bice. 

The  staucture  o£  the  husk  of  rice  is  by  no  means  easy  to  determine ; 
itis  best  eiaSedafterit  has  been  immersed  m  glycenne  for  some 

^''^ThP  outer  surface  of  the  seed  is  thrown  up  into  ridges  these  heing 
^^^^^^^^ 

them  square  spaces  ,  the  ndges  ■  somewhat  irregular 

of  g^anul^^  J^e^jd  Souths  of  stomata?  the  substance  of  the  husk- 
form  and  which  ^^!^3"fX7short  fibres :  some  of  these  are  arranged 
smade  upofnariw  and  i^^^^^  ^     Mttle,  and  their  edges 

longitudxnaUy  other^^^^^^^^^  shown  by  their  being  hollow,  a. 

rough.    That  tliey  ^eaiiy  are  beneath  the  fibrous  mem- 

LTe^"a'X~rfo  J5l/'.4"f«  een,,  »tta  lo^.  tMn 
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broad,  and  the  long  axis  of  which  is  placed  transversely.  The  above 
description  is  founded  upon  the  admirable  drawing  made  ..dth  the 
greatest  care  by  Mr.  Tuflen  West  (%.  83).  ® 
The  starch  corpuscles  of  rice  are  smaU,  and  for  the  most  part  of 
an  angular  form,  with  well-marked  central  depressions  and  rldsed 


I 


Fig.  83. 


I 


Husk  of  Bice,  the  upper  figure  being  a  transverse  section.  Magnified 
220  diameters. 

edges ;  they  resemble  closely  the  starch  grains  of  the  oat  in  their 
poi^onal  shape,  but  differ  in  being  much  smaller. 
rpar\^^f      ^°  which  they  are  enclosed  are  very  angular,  and  separate 
flour  (fig  84)^^''^  ^"  respects  also  rice  differs  from  oat 
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COMPOSITION  OF  THE  CHIEF  CEREAL  GRAINS. 

we  ™U  no,  "SerceS^li™  .'.H^'a^heJ, 

S  K°e  r'jeX  ^c-P-  the  L,        of  ^.-.i" 
the  other. 
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Dextrin, 

SUica,  Phos- 

Gluten 

Q-lucose, 

Fatty 
mat- 

phates of 

and  other 
azotised 

or  other 

V>UIJ  gcil- 

CeUu- 
lose. 

Lime,  Mag- 
nesia, and 
soluble  Salts 

matters. 

eroiis 

ters. 

sub- 
stances. 

of  Potash 
and  Soda. 

58-12 

22-75 

9-50 

2-61 

4-0 

3-02 

Whpnt  hnrr!  nf  Afriffl 

64-57 

1  Q-fifl 
if  ov 

7-60 

2-12 

9-71 

Whpnt   hnr/^        To  "i 

63-30 

20-00 

8-0 

2-25 

3-60 

2-85 

Wheat,  demi-hard,  \ 
of  Brie,  France  ( 

68-65 

16-25 

7-0 

1-95 

3-40 

2-75 

Wheat,  White  Tuzelle 

75-35 

11-20 

6-05 

1-87 

3-0 

2-12 

Kje    .      .      .  . 

65-65 

13-15 

1-2 

2-15 

4-10 

2-60 

Barley 

65-43 

13-96 

1-0 

2-76 

4-75 

3-10 

Oats  .... 

60-59 

14-39 

9-25 

5-60 

7-06 

3-25 

Maize 

67-55 

12-50 

4-0 

8-08 

5-90 

1-25 

Rice    .      .      ,  , 

89-15 

7-05 

1-0 

0-80 

3-0 

0-90 

The  next  table  represents  the  mean  composition  of  the  ash  of  the 
chief  cereal  grains.  It  ia  taken  from  Pereira's  '  Materia  Medica,'  and 
is  drawn  up  from  the  calculated  means  contained  in  Johnston's  '  Lec- 
tures on  Agricutural  Ohemisti-y  and  Geolog-y,'  2nd  ed.  1847. 


Wheat. 

Barley 
with 
Husk. 

Oats. 

Bye. 

Indian 
Corn. 

Eice. 

Potash  . 

Soda 

Lime 

Magnesia 

Oxide  of  iron 

Phosphoric  acid  . 

Sulphuric  acid 

Chlorine 

Silica  . 

Alumina 

23-72 
9-05 
2-81 

12-03 
0-67 

49-81 

0-  24 

1-  17 

13-641 
8-14  ]■ 
2-62 
7-46 
1-48 

38-96 
0-10 
0-04 

27-10 
021 

26-18  1 

5-95 

9-95 

0-40 
43-84 
10-45 

0-26 

2-67 

0-06 

22-08) 
11-67/ 

4-93 
10-35 

1-36 
49-55 

0-98 

0-43 

32-48 

1-  44 
16-22 

0-80 
44-87 

2-  77 

0-  18 

1-  44 

f  18-48 
(10-67 
1-27 
11-69 
0-45 
53-36 

0-27 
3-35 

99-50 

99-75 

99-76 

101-35 

99-70 

99-54 

Percentage  of  ash  . 

about  2-0 

2-84 

2-18 

2-425 

about  1-5 

1-00 

Messrs.  Ogston  and  "Way  give  the  following  as  the  percentages  of 
silica  in  the  ash  of  the  ordinary  cereal  grains  :  2-05  to  5-46  silica  for 
wheat;  from  23-6  to  70-77  forWley;  from  38-48  to  50-03  for  oats: 
and  9-22  for  rye. 
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ON  THE  PAEASITIC  DISEASES  OF  THE  CEREAL  GEAINS. 

The  cereal  grains  and  the  flours  made  from  them  are  liahle  to  he 
infested  and  deteriorated  by  the  presence  of  various  parasitic  produc- 
tions, both  vegetable  and  animal.  As  flours  thus  diseased  are  some- 
times referred  to  the  analyst  under  the  impression  that  they  are 
adulterated,  it  becomes  necessary  that  he  should  be  possessed  of  some 
information  respecting  the  diseases  of  the  cereal  grains. 

The  principal  diseases  of  grain  arising  from  the  attacks  of  fungi 
are  ergot,  smut  or  diLst,  brand,  rust,  and  mildeio. 

Fig.  85. 


This  eneraving  represents  the  spores  of  Uredo  cahies  magnified  420  diameters. 
Drawing  made  from  a  prepaa-ation  belonging  to  the  late  Dr.  Pereira. 


ON  BiraT,  SMTTT  BOLLS,  OB  PEPPER  BRAND. 
{Uredo  caries,  Dec;  TJredo  fcd,ida,'Qm&c.') 

This  functus  has  hitherto  been  met  with  only  in  the  grains  of  wheat ; 
it  is  easily  re^cognised  by  its  disgusting  smeU.  The  spores  or  sporangia 
analogous  to  seed  vessels,  are  large  and  reticulated,  as  represented  xn 
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the  figiu'e.  Some  doubt  exists  whether  this  fungus  is  deleterious  or 
not  Dy  many  it  is  considered  to  he  so.  Flour  containing  it  is  fre- 
quently used  for  gingerbread  (fig.  85). 

EEGOT. 

( Oiclium  arboi'tifaciens.^ 
Ergot  is  particidarly  prone  to  attack  rye :  it  does  not  confine  its 


Fig.  86. 


This  engraving  represents  a  transverse  section  of  Ergot  of  Eye.  a.  Terminal 
colourless  filaments  bearing  the  spores,  which  are  seen  on  the  e.xtremities.  6. 
The  coloured  threads  which  constitute  the  black  or  purple  portion  of  the 
grain,  c.  The  cells,  with  the  contained  sphemles  of  oil,  which  form  the 
body  or  colourless  part  of  the  grain,  magnified  420  diameters,  d,  e,/,  repre- 
sent minute  portions  of  the  same  structures,  more  highly  magnified — viz., 
070  diameters. 

ravages  to  that  one  grass,  but  has  been  observed  to  attack  a  variety  of 
species ;  and  amongst  the  rest,  the  ears  of  v?heat. 

The  engraving  (fig.  86)  represents  a  section  of  ergotised  rye. 
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In  flour  contaminated  with  ergot  the  structures  above  delineated 
occur,  of  course,  in  a  much  broken  and  divided  state. 

Numerous  and  well-attested  instances  are  on  record  of  dangerous 
and  even  fatal  effects  resulting  from  the  consumption  of  bread  con- 
taining ergot.  .  1 X  •    J  -u 

The  active  principle  of  ergot  is  named  ergotme.  it  is  obtainea  Dy 
treating  ergot  with  ether  to  remove  fat  and  wax,  afterwards  exhaust- 
ino-  with  boilmg  alcohol,  concentrating  the  solution,  and  precipitating 
by^cold  water.  It  is  a  reddish  powder,  insoluble  in  water,  ether,  and 
dilute  acids,  but  dissolved  by  alcohol,  strong  acetic  acid,  and  caustic 
potash. 

Fig.  87. 


This  eneraving  represents  the  spores  of  Uredo  segettoi,  magnified  420  diameters, 
ims  engrr'^inK^eP  ^^^^  ^^^^^  preparation  belonging  to  Dr.  Swayne. 

Test  for  eniot.—Lanenu  renders  the  paste  of  the  flom-  allialine, 
adds  dilute  nitric  acid  to  slight  excess  and  then  neutralizes,  when  a 
violet-red  colour  will  appear  if  ergot  be  present,  which  changes  to  rosy 
red  when  nitric  acid  and  violet  when  an  alkali  is  added. 

Another  test  is  the  odom-  of  propylamin  developed  on  the  addition 
of  liquor  potasste  to  the  ergotised  flour. 
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ON-  RtrST,  EED-EAG,  KED-EOBIN,  KED-GtTM. 

(  Uredo  rubigo  and  U^-edo  linearis.) 

These  so-called  species  are  but  young  states  of  Puccinia  graminis. 
They  form  yellow,  hrown,  oval  spots  or  blotches  upon  the  stem,  leaf, 
and  chaff;  the  sporules  of  which  the  blotches  consist  are  intermediate 
in  size  between  those  of  Uredo  caries  and  U.  segetum  ;  they  are  at  first 

Fig.  88. 


Wheat  Floto  infested  with  Puccinia  graminis,  in  an  early  stage  of  development. 

420  diameters. 

round,  afterwards  oval,  and  attached  by  a  pellucid,  short,  and  slender 
stalk  to  the  surface  on  which  they  are  developed,  but  after  a  time  thev 
become  free  (fig.  87.)  •  ^    '  ^ 

represents  some  wheat  flour  largely  infested 
with  Puccinia  graminis  in  the  state  foimerly  called  Uredo  rubu/o. 
itLG  sample,  which  was  offered  for  sale,  was  brought  to  Dr.  Muspratt, 
oy  whom  It  was  forwarded  to  the  author. 
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ON  SMUT,  OE  DUST  BRAND. 

(JJredo  segetum.) 

This  fungus  is  comparatively  rare  in  wheat,  but  very  common  in 
"barley  and  oats ;  rye  does  not  appear  to  he  subject  to  it.  It  has  not 
the  disagi-eeable  smell  of  the  preceding  species,  and  the  spores  are 
several  times  smaller  (fig.  87). 

ON  MILDEW. 

(Fuccinia  graminis.) 
The  ripe  spores  of  this  fungus  are  dark-brown  club-shaped  bodies, 

Fig.  89. 


PnCCINIA  GEAMIKIS. 

In  all  stages.  Magnifled  600  diameters.  From  specimens  kindly  furnished  by 
the  Bev.  Prof.  Henslow. 

having  the  broader  end  divided  into  two  compartments  filled  Avdth 
spondes.    '  I  have  observed  this  fungus  with  the  rust  fmigi  in  a  way 
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that  strengthens  my  opinion  that  they  are  identical.'— Professor 
Senslow.  •' 

In  the  engraving  (fig.  89)  this  fungus  is  represented  in  all  the  stages 
and  conditions  of  its  gi-owth. 

Penicillmm  glaucum,  Fennentum  cerevisi<e,  8fc, 
When  bread  has  heen  kept  for  a  few  days,  and  has  become  stale 
certain  species  of  fungi  are  apt  to  become  developed  in  it.    One  of 

Fig.  90. 


PenidlHum  glaucum  in  its  perfect  state  of  development. 

these  is  the  well-known  Penicillium  glaucum,  which  forms  the  green 
mould  of  cheese  and  other  decaying  organic  substances :  it  is  described 
and  figured  m  a  memoir  by  the  author  contained  in  the  thirty-sixth 
volume  of  the  ' Medico-Chirurgical  Transactions'  (fig.  90).  Other 
species  of  Penicillium  according  to  Parkes  are  PcnicilUum  citophilmn 
ana  rentaUmm  roseum,  of  a  greenish,  brownish,  or  reddish  yellow 
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A  second  species  of  fungus  is  Fermentum  ceremsi(B,  or  the  yeast 
fungus,  also  described  and  figured  in  the  memoir  ahove  alluded  to. 
Its  development  in  bread  goes  in  part  to  show  that  the  vitality  of  the 
yeast  is  not  altogether  destroyed  by  the  baking  of  the  bread.  It  will 
be  described  and  figured  under  the  head  of  '  Yeast.'  .  ,  . 

A  third  fimgus  found  in  stale  bread  is  very  different  from  either  of 
the  others  •,  it  is  represented  in  the  engraving,  fig.  91.  It  is  of  a  bright 


Fig.  91. 


Oidium  orantiacum  fungus,  commonly  found  in  stale  Bread. 

vellow  colour,  and  it  often,  from  its  abundance,  causes  the  bread  to 
Msiune  in  patches  the  same  colour.    This  is  the  Oidtum  orantiacum. 

Vihriones. 

These  also  are  sometimes  found  in  moist  and  damaged  flour. 
The  Bearded  or  Poisonous  Darnel. 

The  poisonous  grass,  Lolium  tenmlentum  or  darml,  is  by  no  means 
of  imcommon  occiui-ence,  and  nimierous  accidents^  have  from  time  to 
Lie  ocr.ed,  in  consequence  of  its  becoming  mixed  either  with  the 
flour  of  wheat,  or  some  other  cereal  fanna.  ,  ,    „  . 

Thp  Iffects  of  darnel  on  man  are  thus  described  by  Pereira:- 

r^iL  ill  effects  of  the  seeds  of  bearded  darnel  on  man  were  known 
V  ^1,  „r.^  P,?t  Greeks  and  Romans.  The  symptoms  which  they  pro- 
duce Ir'et^Sold"^^^^^^  gasti-o-inSfnal  irritation,-such  as 
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vomiting  and  colic ;  and  those  -whicli  arise  from  disorder  of  the  cerebro- 
spinal system — such  as  headache,  giddiness,  languor,  ringing  in  the 
ears,  confusion  of  sight,  dilated  pupil,  delirium,  heaviness,  somnolency, 
tremhling,  convulsions,  and  paralysis.  These  seeds  therefore  appear 
to  he  acro-narcotic  poisons.    According  to  Seeger,  one  of  the  most 


Pig.  92, 


TEMTOENTUM,  Or  Darnel.  Showing  transverse 
toe  J^^^Wo^"*'?'  °*  ^'ig^ifl^d  200  diameters ;  also  the  characters  of 
the  starch  corpuscles,  magnified  500  diameters. 

certain  signs  of  poisoning  hy  them  is  trembling  of  the  whole  body. 
±}oth  Burghard  and  Schober  (quoted  by  Wibmer)  mention  a  death 
Having  resulted  from  their  use.  In  Cordier's  cases  their  iU  effects 
were  directly  ascertained  by  experiments  made  upon  himself;  but 
m  most  other  cases  they  were  the  result  of  accidental  poisoning  In 

fpprri^Ir^.i,        ^"i"^''  intermixture  of  bearded  darnel 

seeds  with  other  cereal  grains.    In  a  prison  at  Cologne,  sixty  persons 
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suffered  from  the  use  of  a  bread  meal,  containing  a  draclim  and  a  half 
of  LoUum  temulentum  in  six  ounces  of  meal. 

As  the  chemical  tests  for  darnel  when  mixed  with  flour  are  not 
very  satisfactory  or  decisive,  we  have  submitted  the  seeds  to  micro- 
scopical examination,  and  find  them  to  he  so  different  from  those  of 
wheat  or  rye,  that  when  admixed  with  these  in  the  state  of  flour  they 
may  he  readily  detected.  . 

The  starch  corpuscles  resemble  very  closely  those  of  rice  m  form— 
that  is,  they  are  polygonal— but  they  are  much  smaller,  and,  like  those 
of  the  oat,  they  are  frequently  united  into  compound  grains  of  various 
sizes,  the  larger  grains  consisting  of  some  fifty  or  sixty  starch  cor- 

The  structure  of  the  testa  is  very  different  from  that  of  either  rice, 
the  oat,  or  indeed  any  of  the  other  cereal  grains  :  it  is  formed  of  three 
coats  or  membranes ;  the  cells  of  the  outer  coat  form  but  a  single 
layer  and  contrary  to  the  arrangement  which  exists  in  the  oat,  their 
lon<^  axes  are  disposed  transversely,  in  which  respect  they  resemble 
rice  •  the  fibres  of  the  husk  of  rice  and  the  cells  of  the  testa  of  Lolm7n 
are  however,  very  distinct  in  other  respects.  In  the  former  the  cells 
are  long  and  narrow,  forming  fibres,  while  in  the  latter  they  are  but 
between  two  and  three  times  as  long  and  broad.  _ 

The  cells  of  the  second  coat,  which  are  ranged  in  two  layers,  toilow 
a  vertical  disposition— an  arrangement  which  is  contrary  to  that 
which  obtains  in  aU  the  other  cereal  grains  with  the  exception  ot  nee. 

The  cells  of  the  third  coat  form  but  a  single  layer,  and  resemble 
those  of  the  other  grains  described  (fig.  92).  . 

Lolium  is  said  to  be  best  detected  apart  from  the  microscope  by 
means  of  alcohol,  which  gives  a  gTeenish  solution  of  a  disa^-eeable 
taste,  and  which  on  evaporation  leaves  a  resinous  yeUowish  green 

We  have  now  to  consider  the  diseases  of  corn  produced  not  by  the 
invasion  of  parasitic  fungi,  but  animal  productions. 


THE  WBETTL, 


The  Weevil,  Ccdandra  granat-ia,  is  of  frequent  occurrence  in  grain 
and  flour  which  have  become  damaged.  The  presence  of  the  weevil 
in  the  grain  is  revealed  by  the  existence  of  a  life  hole  T^sib  k  on  the 
surface  of  the  grain.  If  the  gram  be  crushed  it  wiU  be  found  to  con- 
sist chiefly  of  a  shell  with  the  starch  eaten  away.  It  is  of  much  more 
frequent  occun-ence  in  the  grain  than  in  the  flour. 

ON  BAB  COCKXE,  PTJEPLES,  OR  PEPPBECOEIT. 

(Vibrio  tritici.') 

The  grains  affected  turn  green  at  first,  and  ultimately  black  ;  they 
become  rounded,  resembling  a  small  peppercorn ;  the  hiiste  are 
spead  out  and  the  awns  twisted,  by  which  means  the  infected  eare 
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are  readily  observable  amongst  the  standing  corn.  The  blio-hted 
grains  are  fiUed  Tvlth  a  moist  cotton-like  substance  and  contain  no 
Hour,  ihis  substance  is  composed  of  myriads  of  eel-shaped  animal- 
cules, which,  as  soon  as  moistened  with  water,  exhibit  the  most  active 
movenients  (fig.  93).  A  most  extraordinary  circumstance  connected 
with  these  anunalcules  is,  that  they  may  be  so  perfectly  dried  that  on 
the  slightest  touch  they  break  up  into  powder,  and  yet,  when  moistened, 

Fig.  93. 


Serous  Vibrio  Tfimci,  magnified  100  diameters.  Drawing  made  from 
preparation  belonging  to  the  late  Dr.  Pereira. 

they  will  revive,  and  become  as  active  as  at  first.  This  operation  mav 
Sy  destooyed  ^^^^""^^  *™^^  ^^^'^^  animalcules  is 

ON  THE  WHEAT  MTDGE. 
(Cecidomijia  tritici.) 

earlv^'p  J'.^f  ^.'^^-^"^f'i  Y^iich  may  be  seen  in  myriads  in  the 
early  part  of  June,  m  the  evenings  from  seven  to  nine  o'clock,  flvins 
about  the  wheat  for  the  purpose  of  depositing  its  eggs  within  the 
blossoms;  the  eggs  become  hatched  into  yellow  maggots  or  cater- 
piUars,  and  by  these  the  mischief  is  occasioned  ;  they  cause  the  non- 
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deTelopment  of  the  ovary,  so  that  the  gram  never  advances  heyond  its 
condition  at  the  time  the  flower  first  expands.  AU  the  grains  m  an 
eafare  not  usually  affected,  hut  only  grains  here  and  there  A  figure 
of  the  fly  a^d  its  caterpillar  will  he  found  in  the  '  Transactions  of  the 
Linnsean  Society.' 

ACAETJ8  PAKINiE. 
This  mite  is  never  present  in  flour  unless  this  has  become  daniaged. 
It  differs  considerahly  iu  structure  from  the  sugar  mite  (fig.  94). 

Fig.  94. 


Another  species  of  acarus,  met  with  on  one  occasion  in  wheat 
flour,  is  exhiMted  in  the  engi-aving,  fig.  Jo. 
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is  not  made  so  much  for  the  sake  of  profit,  as  to  render  certain  de- 
scriptions of  flour  more  tenacious  when  made  into  douo-h,  bean  meal 
eflecting  this  object  in  consequence  of  the  large  quantity  of  glutinous 
matter  whieh  it  contains.  In  the  case  of  genuine  wheat  flour  of  good 


Pig.  95. 


ACAnua  from  flour.   Drawn  with  the  Camera  Lucida,  and  magnified 
220  diameters. 


quality,  no  such  addition  is  required  ;  when  the  flour  is  damao-ed  beans 
are  used  in  considerable  quantities.  °  ' 

Another  addition  sometimes  made  is  rice  flour.  Tlie  purnose 
served  by  the  addition  of  this  article,  imless  it  be  exclusively  for  the 
sake  ol  adulteration,  is  not  apparent,  since  it  does  not  make  bread  to 
hind  better.  It  is  said  indeed  to  cause  it  to  hold  more  water,  and  it 
possibly  has  some  effect  in  whitening  it.  '  ' 


Y 


322  FLOUR  ANB  ITS  ADULTERATIONS. 

Again,  in  some  cases,  barley,  rye,  Indian  corn,  and  potato  flours 
have  been  added  to  wheat  floiu-. 

According  to  the  evidence  of  Mr.  Emerson,  the  manager  ot  '  ihe 
People's  Flour  MiU,'  at  Leeds,  given  hefore  the  Parliamentary  Com- 
mittee on  Adidteration  in  1855,  wheat  flour  is  frequently  adulterated 
with  ahout  twenty-five  per  cent,  of  barley  flour,  which  is  not  much 
more  than  half  the  price  of  wheat  flour.  i      ■,  i  ^• 

The  following  very  cm-ions  evidence,  in  regard  to  the  adulteration 
of  wheat  flour,  was  given  hefore  the  Committee  ahove  refeiTed  to  hy 
Mr.  Potto  Brown,  a  miUer  of  forty  years'  standing,  and  whose  husiness 
was  chiefly  in  London : —  , 

'  Barley  is  mixed  with  wheat  in  some  districts  to  cheapen  the 
price  In  other  districts  wheat  is  mixed  with  harley  to  improve  the 
quality,  particularly  in  Northamptonshire.  The  poor  people  consider 
harley  more  nutritious  than  wheat  flour.  I  do  not  know  that  that  is 
the  case ;  I  am  douhtfid  of  the  point,  hut  it  is  the  univereal  opinion  ot 

the  poor  people.'  t    j  i  + 

Ao-ain  •  '  To  give  the  ahove  qualities  to  my  flom-,  I  add  one  part 
of  hean  flour  to  sixty  parts  of  wheat  meal ;  never  more  than  one  in 

^"^^''white  peas  improve  the  appearance  of  flom-,  hut  not  the  quality, 
and  are  put  in  to  cheapen  it.'  .  ,   ,   ,    ^       -x.  +1,0 

Sir  J.  Gordon,  mayor  of  Cork,  fm-mshed  the  Committee  with  the 
following  evidence  in  regard  to  the  use  of  Dari :—  _ 

'  There  is  an  Egyptian  grain  caUed  Dari,  that  was  imported  m 
very  large  quantities  at  one  time  into  Cork;  that  to  a  moral  certainty 
was  for  the  piu-pose  of  mixing  with  wheaten  flour:  they  were  able  to 
sell  that  for  6i.  a  ton,  while  the  other  was  hringing  nearly  three  times 
that  amount.' 

The  Adulterations  of  Cones  Flour. 

There  is  an  article  in  common  and  daily  use  hy  hakers,  denomi- 
nated '  Cones '  or  '  Cones  flour. ^  a 

Dr.  Palev,  of  Peterhorough,  brought  the  author  a  sample  of  flour 
for  examination,  seized  on  suspicion,  and  which  he  stated  %  bakei 
called  '  Cones  Elom-.'  On  subjecting  this  to  microscopical  examination, 
it  was  found  that  it  consisted  entirely  of  lice  floui-. 

This  led  to  fm-ther  enquiries.  The  author  soon  learned  that 
genuine  cones  flour  consists  of  the  flour  of  a  particidar  species  of 

"^^urtStSft  was  employed  by  baker,  to  dust  tl^e  dough,  as  well 
as  the  boards  upon  which  this  is  made  into  loaves,  the  obiect  of  its 
^e  beinrto  pi  event  the  dough  either  adhering  to  the  boards,  or  the 

niatinMi^^^^^^^^^^ 

rous  samples  of  cones,  and  subjected  them  to  examination  ;  and  twenty- 
mo samples  of  coneUei-e  thus  examined  with  the  microscope,  from 
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wliich  it  appeared  that  five  of  the  samples  were  gemiiue,  and  consktpd 
ot  ^heat  tiour,  and  that  the  other  samples  were  mixtures  soSi 
without  any  wheat  flom-  at-aU,  of  r/e,  rice,  bean  ani  inS  corn 
hour,  the  nee  floiu-  heinj?  the  most  frequent  constituent 

In  iact,  Cones  flour  is  rarely  to  be  obtained  t/enuine,  'but  is  subiect  to 
an  enormous  amount  of  adulteration ;  this  usually  consistinc.  in  the  addi- 
Cnf  1^7  ^^S\r^^i^^f  of  rice,  rye,  barley,  bean,  ^nd  Indian  corn 
flom-s  and  sometimes^  of  salt  and  alum.  Some  of  the  samples 
cotSt  "  '      wheat  flour,  of  which  alone  they  should 

The  object  of  these  additions  is  ohviously  to  cheapen  the  article  • 
and  that  this  pm-pose  is  eflected  sometimes  to  the  extent  of  nearly 
of  readily  proved  by  quoting  the  several  market  pri2 

of  the  different  vaneties  of  £?rain  above  referred  to 

That  this  is  really  the  object  may  be  shown  in  another  way :  several 
qualities  of  cones  flour  are  sold,  the  best  being  nearly  twice  the  See 
of  the  worst,  and  the  adulteivation  being  usually  in  proportion  tJ  the 

Two  questions  now  present  themselves  for  consideration  in  connec- 
TthT  iT'  first  is  whether  any  real  necessity  e^fs  s 

foi  the  iise  of  even  geniune,  much  less  adulterated  cones  flour :  and  the 
econd  IS,  whether  this  flom-  especially  when  adulterated,  as  i  Slv 
is,  13  ever  apphed  to  any  other  purpose  than  that  avowed.  " 

ilie  fai-st  question  is  almost  sufiiciently  answered  by  the  fact  that 
some  do  not  use  cones  flom-  at  all,  and  yet  io  not  expei4ce  anvUea 
rt  ^/  lie  manufactui-e  of  the  bread;  there  is  therefore^ Cd 
reason  for  believing  that  price  has  very  much  to  do  with  the  geiieral 
employment  of  cones  flom-,  even  in  those  cases  in  which  it  is  reaUv 
used  to  prevent  the  adhesion  of  the  loaves  ^ 

cones  flivlf^'f?  *°  *^'i  1"'/*^°°'  '^^^     ^°  do^T^t  ^'^t  that 

cones  flom- is  frequently  employed  in  the  adulteration  of  bread  :  this 

o  wS     -r^V '^'-''^  «f  adulteration 
atl  l  t  ^"^J^^\°^^Sy  by  admixtm-e  with  bean  flour, 

a  um,_and  salt,  ^ow  bean  flour  is  actually  of  a  more  glutinous  and 
adhenng  natm-e  than  piu-e  wheat  flom-  of  good  quality,  and  theXe  its 
^Vt^r^""'-  the  very  pi^e^oriich  itisljeged 

conS'Ln.Tv^f'''^''^"  T'?  f  knowledged  to  the  employment  of 
cones  floiu-  for  the  purpose  of  adulteration,  for  which,  froni  its  comno- 
sijon,  especiaUy  when  adulterated,  as  it 'constantly 'is,  iTL  so  Til 

f},.  '"^"PP"^^"?'  liowever,  the  cones  flour  to  be  employed  for  dustin-r 

f.nicv,^']^  ^^'^^^  prepared  by  millers,  balrers,  then  are 

fui-mshed  with  a  material  avowedly  wheat  flour,  but  which  consist 
ingof  mixturesof  diflferentandcheafL  flours,  is  in  evei^  way  suiS  for' 
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the  adulteration  of  bread  ;  aud  that  it  is  extensively  iised  for  thisi)ur- 
r.e  cannot  he  douhted.  The  system  adopted  hy  niillei-s,  of  Bupplying, 
Snder  T  names  of  cones  flou^  and  wheat  flo^  ^^^^^^^^^^^^^ 
for  adulteration  is  surely  very  cunmntrly  devised,  ihe  public  know 
nothtng  S  tL  master  hakers  themselves  are  ignorant  of 

Kg.  96. 


.r.     =  urnnn  ronsistinc  Of  a  mixture  of  wheat,  rice,  and  bean  flours. 
Adulterated  Cones  Floub,  ':^™=^°225  diameters. 

microscope  is  capable  ol  enet.n"o 
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adulteration.  Had  it  not  iDeen  for  that  iustnmient,  it  would  have  'heen 
utterly  impossible  to  have  ascertained  by  scientific  means  the  compo- 
sition of  the  heterogeneous  mixtiire  called  cones  flour. 

The  admirable  engi-aving  (fig.  96)  exhibits  the  characters  presented 
by  a  sample  of  so-called  cones  floiu',  composed  of  Avheat,  rice,  and 
bean  flours.  It  is  difficult  to  detennine  which  is  the  most  excellent, 
the  drawing  of  Mr.  Tuften  West  or  the  engraving  of  Mr.  Hart. 

'  Occasionally  in  times  of  famine  other  vegetable  substances  are 
mixed  with  flour  and  bread — chestnuts,  acorns,  &c.  In  1835,  during 
famine,  fatal  dysenteiy  appeared  in  Kiinigsberg,  owing  to  the  people 
mixing  theu"  flour  with  the  pollen  of  the  male  catkins  of  the  hazelbush. 
In  India  the  use  of  a  vetch.  Lathy rus  sativus  (Kessaree-dholl),  with 
barley  or  wheat,  gives  rise  to  a  special  paralysis  of  the  legs,  when  it 
exceeds  one-twelfth  part  of  the  floiu*.  The  L.  cicera  has  the  same 
effect.' — Parhes, 

WJieat  flour,  especially  that  imported  from  foreigTi  coimtries,  is  apt 
to  be  contaminated  with  the  farina  or  flour  of  a  variety  of  other  grains, 
as  of  buckwheat  (Polygonum  fagoinjrunx) ;  of  millet,  Panicum  milia- 
ceum ;  jjurple  coxo-wheat  (Melampyrum  arvense)  ;  Trefoil  (trifolium 
arvense)  ;  Sainfoin  or  yelloio  rattle  (JRhinanthus  major).  It  does  not 
appear  that  any  of  these  gTains  possess  inj  urious  properties,  althoug'li 
some  of  them,  as  the  piu"ple  cow-wheat,  trefoil,  and  sainfoin  impair 
the  colom*  of  the  bread  made  from  floiu'  containing  any  notable  pro- 
portion of  these  grains,  causing  the  bread  to  exhibit  a  violet,  violet- 
red,  or  bluish-black  colour.  For  further  information  in  reference  to 
these  grains  the  reader  is  referred  to  Parkes"  '  Hygiene.' 

The  Mineral  Adult eratiom  of  Flour. 

Large  quantities  of  damaged  wheat  flom'  are  annually  sold : 
this  is  usually  more  adulterated  than  any  other  floiu*,  in  a  variety  of 
ways,  to  render  it  saleable ;  as  by  admixture  with  other  flours,  with 
wZmwi,  and  carbonate  of  soda.  The  object  of  the  admixture  of  alum' 
and  soda  is  to  harden  the  partially  decomposed  gluten,  and  to  correct 
the  acidity  resulting  from  decomposition. 

Alum  is  frequently  added  also  to  sound  flour.  This  is  done  to 
cause  the  bread  made  from  it  to  appear  whiter  than  it  would  otherwise 
do.  This  addition,  like  the  majority  of  the  adulterations  of  flour,  is 
practised  by  millers.  A  miller  who  was  fined  for  adulterating  his  flour 
with  alum  had  no  less  than  600  lbs.  of  that  substance  on  his  premises 
at  the  time  of  the  discovery. 

A  substance  called  viineral  white,  which  is  hydrated  sulphate  of 
lime,  is  occasionally  added  to  flour.  Several  millers  have  been  con- 
victed for  putting  this  substance  into  flour. 

Convictions  have  also  taken  place  for  using  silicate  of  alumina, 
other  names  for  which  are  CJiina  clay  and  Cornish  clay. 

A  variety  of  other  substances,  it  has  been  alleged,  have  been  and 
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are  used  for  the  adulteration  of  floui-,  as  bme  ashes,  bone  dust,  tvhite 
elm/  and  cholJc,  or  carbonate  of  lime  ;  and  it  is  most  probable  that  the 
majority  of  them  have  been  thus  employed,  although  we  are  not  our- 
selves acquainted  with  any  recent  cases  of  their  detection  in  tioiu-.  To 
some  of  these  substances  we  shall  again  refer  when  noticing  the  adul- 
terations of  bread. 

The  use  of  another  mineral  substance,  carbonate  of  magnesia,  has 
even  been  specially  recommended  by  Mr.  C.  Davy,  on  the  ground  that 

Fig.  97. 


Bean  Flotjk.  Magnified  420  diameters. 

it  improves  the  colom-  of  new  and  inferior  flom-,  and  increases  the 
yield— neither  of  which  residts,  so  far  as  the  public  is  concerned,  are 
in  the  least  desirable.  The  increased  yield  simply  signifies  vtore 
ivafer.  The  quantity  of  magnesia  required  vanes  from  20  to  40  grains 
to  a  pound  of  flour. 

THE  DETECTION  OF  THE  AOTLTEKAtlOirS  OF  FLOTTR. 

The  various  substances  employed  in  the  adulteration  of  flour  may 
be  divided  into  orf/anic  and  inorganic.  Under  these  heads  are  included 
the  various  articles  which  have  been  enumerated  m  the  previous 
section, '  The  Adulterations  of  Floiu-.' 
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Detection  of  the  organic  adulterants  of  flour, — The  only  means  fcy 
■which  the  adiilteration  of  wheat  flom-  with  the  other  lands  of  flour 
enumerated  can  be  discovered  is  by  the  microscope. 

The  characters  of  the  starches  of  the  several  flom-s  used  in  the 
adulteration  of  wheat  flour  and  bread  have  ah-eady  been  described,  with 
the  exception  of  potato  starch  and  bean  floiu-. 

Bean  flour  is  distinguished  from  the  other  flours  used  by  the  oval 
or  reniform  shape  of  the  granules,  the  elongated  and  divided  character 
of  the  hiliun,  and  the  thickness  of  the  walls  of  the  cells  enclosing  the 
starch  corpuscles  (fig.  97). 


Fig.  98. 


Wheat  Flouh,  adulterated  with  bean  flour.  MaguiiJed  420  diameters. 


Fig.  100  represents  the  characters  of  the  ceUs  of  which  the  potato 
is  mainly  composed,  while  the  starch  corpuscles  of  the  potato  will  be 
I'ound  described  and  delineated  under  the  head  of  '  Arrowroot.' 

The  adulteration  of  wheat  flour  with  barley  flour  is  one  by  no  means 
easy  of  discovery  when  we  confine  our  observations  entirely  to  the 
form  of  the  starch  corpuscles  of  the  two  kinds  of  grain,  the  difiier- 
ences  in  the  characters  of  the  starch  not  being  veiy  considerable.  The 
corpuscles  of  barley  starch  are  smaller  than  those  of  wheat — especially 
the  more  minute  granules— and  this  is  nearly  the  only  observable 
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difference.  The  discrimination  may,  however,  he  effected  in  a  very 
satisfactory  manner,  by  means  of  the  portions  of  husk  present  in 
the  iioiu'.  The  structural  pecviliarities  of  the  testa  and  of  the  cells 
forming  the  surface  of  the  grain  of  wheat  and  barley  have  already 
been  pointed  out,  and  to  the  description  of  these  reference  may  now  be 
made. 

The  adulteration  of  flour  with  Durra  is  also  discoverable  by  means 
of  the  microscope. 


Fig.  99. 


Wheat  Flour,  adulterated  witli  rice.  Magnified  420  diameters. 

On  the  structure  of  'Durra,'  Holcus  Durra  sativus,  Forshdl; 
Sorghum  vulgare.—The  testa  of  the  grain  or  seed  may  be  described  as 
consisting  of  three  membranes.  n 

The  outer  is  composed  of  thi-ee  or  foxu-  layers  of  thick-waUed  ceUs, 
rather  smaU,  about  three  times  longer  than  broad,  and  having  the 
margins  finely  beaded,  somewhat  as  in  capsicum.  .  ,    ,  . 

The  fnukile  coat  consists  of  several  layers  of  ceUs,  with  thm  walls, 
and  filled  with  small  but  angular  starch  corpuscles.  ,  . 

The  third  tunic  resembles  that  of  most  of  the  other  seeds  ot  tlie 
gramine,  and  consists  of  a  single  layer  of  angular  gluten  cells,  but 
which  are  unusually  small. 
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The  substance  of  the  seed  resembles  very  closely  that  of  Indian 
corn,  difleriug  chiefly  in  the  larger  size  and  greater  angularity  of  the 
starch  corpuscles,  as  well  as  the  stellate  character  of  the  hilum 
(fig.  101). 

The  last  organic  adulteration,  the  method  for  the  discovery  of  which 
we  have  to  describe,  is  that  with  hone-dust.  Bone-dust  consists  of 
the  dust  or  floiu-  of  bones  ;  now  bones  possess  a  well-defined  structure 
which  is  to  some  extent  traceable  in  the  flom-;  again,  bone  floiu- 

Kg.  100. 


Wheal  Flcur,  adulterated  with  Indian  Coi-n  flour.   Magnified  420  diameters. 


coDsists  in  large  part  of  phosphate  of  lime ;  this,  on  the  application  of 
nitrate  of  silver,  turns  yellow.  If,  then,  on  examining  any  sample  of 
noui  with  the  microscope,  we  discover  minute  bony  particles,  or  if,  on 
Mding  a  small  quantity  of  a  solution  of  niti-ate  of  silver  to  the  flom-, 
wniie  under  the  microscope,  particles  of  a  deep  and  rich  golden  yellow 
appear,  it  is  certain  that  the  flour  is  adulterated  with  bone-dust 
i  ne  quantity  of  bone-dust  used  must  be  calculated  from  the  quantitv 
flow  of  hme  contained  in  the  ash  of  a  given  quantity  of  the 

^'^°''<J"^i^  adulterants  of  Jlour.—VsiQ  processes  for 
ine  detection  and  estimation  of  chalh  or  carlonate  of  lime,  carbonate  of 
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maqnesia,  sulphate  of  lime,  mi  soapstone  or  dlicate  of  magnesia,  China 
clay  or  silicate  of  alumina,  have  already  been  described  in  the  article 

m'have  then  now  only  to  consider  the  methods  by  which  car- 


Pi".  101. 


J^urra.  A,transverse  section  of  testa  ^  ^ 
B.longitudinnl  section  of  te^"^,' ^Cinrke  n"g^ilar  ceUs  filled  ^ith  starch,  of 
•  100,  .Mance  of  seed,  shomng  t'^^^^'^f  i^^^l^l^eells,  showing  the  pse«do-ceU 
rt^l^JeTXrthe^tWW^^        arf  sepai-ately  lodged.  E  E,  *500, 
su?ch  from  testa  and  from  substance  of  grain. 
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lonate  of  soda  almn,  or  sulphate  of  potash  and  alumina,  and  sulphate 
of  copper  may  be  detected  and  estimated.  ^ 

The  detection  of  carbonate  of  soda.— The  ash  of  wheat,  and  of  the 
other  cereal  grains  as  vriU  be  seen  from  the  analyses  already  giveu  is 
itselt  Iree  from  carbonates.  If,  therefore,  the  ash  exhibits  decided  eli'er 
vescence  on  the  addition  of  an  acid,  it  may  be  safely  assmned  that 
sonie  exti-aneons  carbonate  has  been  added  to  the  flom-,  most  probably 
carbonate  of  hme,  magnesia,  or  soda.  The  soluble  portions  of  the  ash 
should  be  extracted  with  water,  and  the  solution  evaporated  :  if  now 
a  distinct  effervescence  is  obtained  on  the  addition  of  an  acid  there 
can  be  no  question  but  that  a  carbonate  of  an  alkali  has  been  added  in 
all  probability  carbonate  of  soda,  the  amoimt  of  which,  however  must 
be  estmiated  by  the  usual  alkalimetrical  or  gravimetrical  method 

.But  if  carbonate  of  soda  has  been  added,  the  bread  itself  wiU  be 
decidedly  alkahne  to  test  ps^per,  and  again,  in  those  cases  in  which 
bread  has  been  adulterated  with  a  considerable  quantity  of  potatoes, 
the  ashwiU  be  foimd  to_  effervesce  from  the  presence  of  carbonates 
derived  from  the  destruction  of  the  organic  acids  present  in  the  potato. 
I  he  distinction  between  these  two  cases  is  that,  where  the  alkali  has 
been  added  to  the  dough,  the  whole  mass  of  the  bread  is  alkaline  which 
is  not  so  where  the  bread  has  been  adulterated  with  potatoes  oJily 

It  no  effervescence  occiu-,  the  carbonate  wiU  be  foimd  in  the  in- 
soluble portion  of  the  ash,  and  will  consist,  as  already  stated,  of  car- 
bonate of  lime  or  magnesia,  and  here  again  quantitative  determinations 
WIU  nave  to  be  made. 

On  the  detection  of  The  full  details  of  the  more  important 

ot  the  processes  employed  for  the  detection  and  estuuation  of  aliuii 
will  be  found  fully  described  in  the  article  on  'Bread.'  They  are 
essentiaUy  the  same  for  floui- ;  and  since  alimi  is  very  frequently  added 
not  a  one  to  bread  but  to  flour,  no  examination  of  the  latte/ article 
for  dum''  *°      complete  which  does  not  include  the  search 

The  detection  of  sulphate  of  copper.— ^mQ.Q  this  salt  is  but  rarely 
tound  m  flour,  and  occurs  more  frequently  in  bread,  we  have  deemed 
'  BreTd  '  W^^^^^  for  its  detection  also  imder  the  head  of 

A  ready  method  of  detecting  the  presence  of  mineral  substances  in 
Hour  is  given  by  Eedtenbacher.    The  flom-  is  weU  shaken  up  with 

fellrf  ;he'bottom°"  ^'^'^  ^"'^  '^""^'^^ 
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CHAPTER  XII. 
BREAD  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  vegetable  or  mineral  substance,  including  alum,  but  rot  yeast 
•'  and  salt.  ^ 

THE  MANXTFACTTOE  OE  BEEAD. 
The  wd  'Bread'  maybe  applied  not  only  to  the  flour  of  wheat 
L?to  that  of  any  other^  grain'when  mixed  with  -^ter  ^d  rendered 
St  and  porous  by  the  action  of  carbomc  acid  gas  and  baked. 
^  Three  Methods  are  employed  in  rendering  the  dough  bght :  by"  the 
use  of  ye^S  of  leaven,  orVtbe  employment  of  ee^am  -li- ^^^^ 

ordinary  bakers'  bread.  inferior  quality  is  fre- 

In  the  prep»mt,on  »  f     ''^fj"  "  °^ZZt,  polMo4.,  some- 

"^Zl^  otTveU^etSlcriptio;  of  W  and 

ordinary  bakers'  bread.  rendering  bread  porous  is  by  fermen- 

The  more  general  method  ot  i^naeiing  or    j  however, 
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lightness  arising  from  the  peculiar  tenacity  of  the  gluten,  which  causes 
the  dough  to  retain  the  carbonic  acid  more  strongly  in  its  interstices. 

A\^hen  flom-,  in  the  moist  state,  is  exposed  to  the  air,  the  nitro- 
genous matter  contained  in  it  undergoes  a  peculiar  decomposition 
■whereby  it  acts  as  a  ferment,  a  portion  of  the  starch  being  converted 
into  dextrin  and  glucose,  and  the  latter,  as  well  as  the  glucose  orio-i- 
naUy  present  in  the  fiom',  in  its  tm-n  is  changed  into  alcohol  and 
carbonic  acid. 

Now,  a  portion  of  dough  thus  altered  is  capable  of  inducing  similar 
changes  in  a  very  much  larger  quantity  of  sound  flom-,  and  hence  it  is 
called  leaven :  '  a  little  leaven  leaveneth  the  whole  huup.' 

One  of  the  oldest  methods  of  inducing  fermentation  in  flom*  is  by 
the  use  of  leaven,  but  its  employment  is  now  chiefly  confined  to  the 
coarser  lands  of  bread,  as  the  black  bread  of  Germany,  but  for  the  finer 
sorts  yeast  is  now  generally  used,  or  a  mixtm-e  of  yeast  and  leaven. 

In  this  cotmtry  leaven  is  rarely,  if  ever,  employed,  but  almost 
exclusively  yeast  in  the  form  of  beer  yeast,  or  in  the  dried  state,  when 
it  is-  known  by  the  name  of  German  yeast. 

The  following  is  the  ordinary  method  of  bread-making  pm-sued :  

A  certain  quantity  of  potatoes  are  boiled,  peeM,  mashed,  put  into  a 
pail  or  other  suitable  vessel,  mixed  vdth  floiu',  salt,  warm  water,  and 
some  yeast,  and  allowed  to  stand  in  a  warm  place.  After  a  time  fer- 
mentation sets  in,  and  the  yeast  begins  to  develope  at  the  expense  of  the 
potatoes  and  flom-,  till  the  whole  becomes  in  an  active  state  of  fermen- 
tation, forming  what  is  technically  known  as  the  sponge. 

After  the  lapse  of  some  time  the  sponge  swells  up  from  the  genera- 
tion of  carbonic  acid,  some  of  the  gas  coming  to  the  sm-face  and  escapino- 
in  large  bubbles.  This  goes  on  for  some  time,  causing  an  alternate  rising 
and  falling  of  the  sponge. 

When  the  sponge  is  in  an  active  condition  fresh  portions  of  floiu', 
salt,  and  water  are  added  to  it.  The  whole  is  thoroughly  kneaded  so  as 
to  give  rise  to  an  equal  liberation  of  carbonic  acid  thi'oughout  the 
whole  mass.  The  dough  is  now  allowed  to  remain  at  rest  for  some 
hours  to  permit  of  the  further  progi-ess  of  fermentation  ;  it  is  kneaded  a 
second  time,  weighed  out  into  loaves,  which  are  again  allowed  to  fer- 
ment until  they  have  acquired  double  the  original  bidk  of  the  dough,  and 
they  are  then  transferred  to  the  oven  to  be  baked.  The  heat  to  which 
the  loaves  are  subjected  quickly  arrests  fermentation,  and  causes  the 
expulsion  of  some  of  the  carbonic  acid  and  alcohol  formed.  The 
crumb  of  a  loaf  of  bread  thus  prepared  consists  mainly  of  water,  starch — 
the  granules  of  which  are  much  increased  in  size— and  gluten ;  while  in 
the  crust  the  starch  is  converted  into  dextrin,  and  when  highly  baked 
both  the  starch  and  nitrogenous  matters  are  decomposed,  and  more  or 
less  burned. 

'  In  Paris,  where  bread-making  has  been  brought  to  a  high  deoi'ee 
of  perfection,  the  fermentation  is  produced  chiefly  by  the  gluten  of^the 
dough,  yeast  being  used  merely  to  facilitate  the  action.    A  lump  of 
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dough  remaining  from  tlie  last  hatch  of  bread,  and  conjisting  of  8  Ihs. 
flom'  and  4  lbs.  water,  is  left  to  itself  for  ten  hours ;  in  this  state  it  is 
called  fi-esh  leaven  {lemin  de  chef).    By  kneading  this  with  another 
quantity  of  8  lbs.  of  flour  and  4  lbs.  water  the  once-re^'ived  leaven 
{lemin  de  premier)  is  obtained.    After  another  interval  of  eight  hours 
16  lbs.  of  flour  and  8  lbs.  of  water  are  added,  forming  the  twice-revived 
leaven  (levain  de  second)  ;  and  after  three  hours  more  100  lbs.  of  flour 
and  52  lbs.  of  water,  containing  i  to  |  lb.  beer  yeast  are  added,  forming 
the  finished  leaven  {levain  de  tout  point).    The  200 lbs.  leaven  thus 
obtained  are  mixed  after  two  hours  with  132  lbs.  of  flom-  and  68  lbs. 
of  water,  containing  |  lb.  of  yeast  in  suspension  and  2  lbs.  common 
salt  dissolved.    This  quantity  of  dough  serves  for  five  or  six  bakings. 
For  the  first  hairing  half  the  dough,  200  lbs.,  is  made  into  loaves  of  the 
required  size  and  form,  wliich  are  exposed  for  awhile  in  shallow 
ijaskets  to  a  temperatm-e  of  2.5°  0.,  equal  to  77°F.,  and  then  trans- 
ferred to  the  oven.    The  bread  thus  obtained  has  a  sourish  taste  and 
dark  colour.    The  remaining  half  of  the  dough  is  again  mixed  vdth 
1.32  lbs.  of  flour,  70  lbs.  of  water,  i  lb.  of  yeast,  and  the  requisite  quan- 
tity of  salt ;  the  haK  of  this  quantity  of  dough  is  then  formed  into 
loaves,  left  to  ferment  and  bake. 

'  The  same  operations  are  repeated  three  times,  one-half  of  the  dough 
being  each  time  mixed  with  130  lbs.  of  flour,  1^  lbs.  of  yeast,  and  the 
proper  quantity  of  water  and  salt.  The  last  stage  yields  the  finest  and 
whitest  bread.' — Watts's  Dictionary. 

We  will  now  describe  very  fully  the  structm-e  and  development  of 
yeast. 

YEAST,  OR  THE  TEAST-PLANT. 

The  substance  known  as  yeast  is  in  reality  a  plant,  belonging  to 
the  tribe  of  funf/i ;  it  consists  of  a  multitude  of  minute  oval  or  circular 
bodies  or  sporules,  endowed,  under  certain  favourable  circumstances, 
with  extraordinary  powers  of  growth  and  multiplication. 

Three  kinds  of  yeast  are  employed  in  the  manufacture  of  bread, 
viz.,  brewer's  yeast,  German  yeast,  and  patent  yeast.  Some  bakers  use 
one  and  some  another,  but  the  greater  number  make  use  of  jiatent 
yeast  on  account  of  its  cheapness.  The  fungus  is'the  same  species  m 
each. 

Breiver's  yeast.— T\n^,  as  is  well  known,  is  of  a  light-brown  or  fawn 
colour,  and  of  a  frothy  consistence ;  when  recent,  it  is  in  constant 
movement,  and  bubbles  of  gas  escape  from  it. 

Examined  with  the  microscope  it  is  seen  to  consist  of  innumerable 
minute  bodies  termed  sporules,  of  variable  size,  some  circular  and 
others  oval,  and  all  intermingled  with  very  many  globules  of  carbonic 
acid  gas.  These  sporules  multiply  rapidly  when  the  yeast  is  m  an 
active  condition.  .          ,        v.  i 

Brewers  and  baiters  '  distinguish  yeast  according  to  tbe  quality  ot 
the  beer  from  which  it  is  obtained.  Ale  yeast  is  the  best  and  strongest, 
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and  IS  used  for  'bread-malriiig.  Porter  yeast  is  objected  to  by  balcers 
but  is  used  in  distilleries.  Small  beer  yeast  is  said  to  be  wealc  but 
rapid  iu  its  effects,  and  is  sometimes  used  in  malcing-  rolls.' — Pereira. 

German  yeast. — This,  wHch  is  sometimes  called  '  dried  yeast ' 
consists  of  sporules  only,  with  but  little  adherent  moisture  and  no  gas. 
It  forms  a  paste-like  substance,  and  is  obtained  from  a  fermented 
liquid  by  filtration.  It  is  imported  into  this  country  principally  from 
Germany,  in  hempen  bags,  each  holding  half  a  hundredweight.  When 
placed  in  casks  it  is  apt  to  bm-st  them,  in  consequence  of  the  carbonic 
acid  sometimes  evolved. 

We  believe  that  this  yeast  is  perfectly  wholesome,  and  that  no 
foimdation  existed  for  the  reports,  some  time  since  set  on  foot,  that  it 
possessed  injm-ious  properties.  It  is,  however,  sometimes  adulter- 
ated with  a  considerable  quantity  of  ^ji}je  clay  or  silicate  of 
alumina. 

The  vitality_  of  yeast  is  destroyed  by  mechanical  injuries,  heat, 
cold,  and  chemical  reagents.  Dr.  Pereira  relates  a  singular  circum- 
stance in  reference  to  the  efl'ect  of  blows  on  yeast : — 

'A  very  curious  fact  was  mentioned  to  me  by  the  importer  of  Ger- 
man and  Dutch  yeasts  in  Finch  Lane,  Oornhill,  London.  It  is  that 
mechanical  injm-y  kills  or  destroys  yeast.  Foreign  yeast  is  imported 
in  bags,  and  of  these  great  care  is  requisite  in  their  removal  from  place 
to  place.  If  they  be  allowed  to  fall  violently  on  the  ground,  the 
yeast  is  spoiled.  A  bruise  or  a  blow  given  to  the  bag  also  destroys  it. 
The  men  who  make  up  the  dried  yeast  into  quarter-pound  and  half- 
pound  balls  for  sale  are  obliged  to  handle  it  very  dexterously  or  they  in- 
jure and  destroy  it.  In  fact,  falls,  bruises,  and" rough  handling,  kill  it, 
and  the  yeast  which  has  thus  been  mechanically  injured  may  be  readily 
distinguished  from  good  unaltered  yeast.  Its  colom-  becomes  darker, 
somewhat  like  the  change  which  an  apple  or  pear  undergoes  when  it 
becomes  rotten ;  and  from  being  crumbly  or  powdery  it  becomes  soft 
glutinous,  sticky  to  the  fingers  like  flour-paste,  and  even  stinks.  I 
have  submitted  some  of  this  injured  or  dead  yeast  to  microscopical  ex- 
amination, but  hayp  been  unable  to  detect  any  difierence  in  its  appear- 
ance from  healthy  yeast.  The  efiPect  of  mechanical  in  j  ui-ies  is  also  noticed 
by  several  writers.  Thus  Liebig  remarks  that  simple  pressure  di- 
minishes the  power  of  yeast  to  excite  vinous  fei-mentation.' — Pereira s 
Mateiia  Medica. 

Patent  yernt.— This  is  prepared  from  an  infusion  of  malt  and  hops. 
It  is  a  thin  wateiy  liquid,  containing  innumerable  sporules  of  the 
yeast-plant  m  suspension.  The  hops  are  added  to  prevent  the  liquid 
from  becoming  sour. 

This  mode  of  preparation  of  patent  yeast  is  considerably  varied  by 
different  bakers.  Many  add  a  portion  of  brewer's  or  German  yeast 
to  an  infusion  containing  either  flour  or  malt  with  potatoes.  These 
Bubstances  supply  the  food  or  nourishment  upon  which  the  yeast-cells 
grow  and  multiply  with  much  rapidity,  as  well  as  the  material  for 
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conversion  into  carbonic  acid.  Yeast-cells  in  the  course  of  a  few 
days  make  tlieir  appearance  in  a  simple  infusion  of  malt,  and  sometimes 

'"^'Pat^ryeast,  before  being  mixed  with  _  the  flour  is  often 
allowed  to  drain  through  a  copper  basm  or  sieve  perforated  with 
numerous  holes;  by  this  means  the  chief  part  of  the  mashed  potato 
employed  in  the  preparation  of  the  yeast  is  separated. 

Fig.  102. 


r^^.  ^  •  „„^y,iv,it,thpsnorules  of  wMcliasampleof  Patent  Teastwascom- 
This  dra^nng  exhibits  the  sp^^^^^  ordinary  yeast  in  their  smaUer  size, 

posed  ;  «^<=y  ^«„\^°^^^'Xnr^^^  ''"'^  thi-ees  ;  they  appear 

oval  form,  and  m  being  "^^^^''^^fv  ^,ut  their  development  was  not 

Discovery  of  the  Development  of  the  Yeast-iylant. 
■Fpw  productions  have  created  more  interest  or  excited  greater 
discu^Ln'  £  yTst;  it«  nature  and  the  mode  of  its  operation  have 

ns^%st:^^w:hTrjr:t^ 

fungo'd  chCct  \:  generally  admitted,  and  itB  .nocU.  operar^^  m 
a  long  thne^ncomplete :  this  related  to  its  development. 
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Most  otseiTers  admit  that  the  yeast  fimgiis,  as  met  with  in  the 
different  forms  of  yeast  in  use,  is  in  an  incomplete  state  of  develop- 
ment, and  many,  influenced  by  this  conviction,  have  made  attempts  to 
discover  the  plant  in  its  perfect  condition. 

Thus  Turpin,  in  the  ardom-  of  scientific  zeal,  spent  a  vs^hole  nio-ht 
in  a  brewery,  with  a  view  to  trace  out  the  successive  steps  in  the 
development  of  the  yeast-plant ;  and  although  he  has  stated  that  he 
made  out  distinctly  that  the  cells  or  sporules  became  multiplied  by 
budding,  and  that  they  adhered  together  in  twos 'and  even  in  rows, 

Pig.  103. 


This  engraving  represents  •  The  Yeast  Fungus  '  in  the  first  stage  of  its  develop- 
ment, or  that  of  sporules.  As  generaUy  met  with,  and  as  used  in  the  fer- 
mentation of  bread,  yeast  consists  of  an  immense  number  of  similar  sporules 
intermixed  with  bubbles  of  carbonic  acid.  Drawn  with  the  Camera  Lucida. 
and  magnified  220  diameters. 

according  to  the  time  which  had  elapsed  after  the  commencement  of 
germination,  yet,  as  we  shall  presently  see,  he  failed  to  discover  the 
yeaat  fungus  in  its  perfect  foi-m. 

Animated  with  the  like  desire  of  discovering  the  true  development 
ot  this  curious  production,  Dr.  Pereira  bestowed  much  time  and  atten- 
tion on  Its  examination.    'I  have  myself,'  that  gentleman  writes 
exammed  yeast  at  Messrs,  Hanbury  and  Buxton's  brewery  at  various 
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Stages  of  fermentation  of  botli  porter  and  ale,  from  a  few  hours  to 
many  days.  In  the  more  advanced  stages  of  fermentation,  I  ohserved 
the  glomes  of  yeast  were  frequently  in  stnngs  0^°^%  W^tl/ 
forming  moniliform,  often  branched  plants  But  as  the  ce^  or  joints 
were  very  readily  separable,  I  could  not  satisfy  myself  that  the 
Adhesion  was  otherwise  than  mechanical,,such_as  we  see  between 
blood-discs  when  they  arrange  themselves  in  senes  lil^e  money-rolls, 
and  such  as  we  sometimes  perceive  even  in  morgamc  amorphous  pre- 

Fig.  104. 


tVauL    Dr^;^  'J^th  t^^^^^         Ludda,  and  magnified  220  diameters. 

cipitates.    My  experience  agrees  precisely  with  ScWossberger^^^^^^^ 
states  thathe  "  never  could  perceive  a  budding  or  1^^™^?™ 
cells,  accompanied  by  a  discharge  of  their  contents,  noi  coidd  i  ever 
nroduce  this  by  compression.  These  cunous  brachial  and  othei  admst 
Lnts  of  the  cells  of  yeast  to  each  other  appeared  to  me  the  work  of 
^  o  ;1'    T+  is  however  proper  to  add  that  the  artificial  rupture  of 
S  ceUs  has  LnXc?e/b7Mitscherlich  who  also  confirms  Tm:pin's 

^^^SS^attsSS^tS^t^^^^^^^ 
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remarks:  'We  know  only  this  mode  of  propagation  of  this  vegetable  • 
but  Its  ftyctification  m  the  air  has  not  been  seen,  nor  can  il  be  seen 
because  It  perishes  from  the  part  at  which  it  comes  in  contact  withThe 
atmosphere ;  so  that  we  cannot  yet  say  whether  it  ought  to  be  classed 
amon^^t  the  fungi  which  fructify  only  in  the  air,  or  even  amongst  he 

Impelled  with  a  similar  desii-e,  we  have  applied  om-selves  diligently 

Fig.  105. 


^™  «f  'eP'^fents  a  peouMar  state  or  condition  of  '  The  Yeast  Pun- 
nf  t>,„^^  filaments  consist  chiefly  of  thallus,  but  in  the  course  of  manv 
?L  ""f'5x.  °f  ^  somewhat  oval  form,  have  appeS-ed^ 

mattPr  „n1  '°  ^^''^'"^  l'"*  imperfectly  filled  with  |?anulM 

hf^lf'„^^  J^f  """^  ^'"^^  °f         ^<=^i°'«  constantly  en- 

Li'^  hvthJ?,'^,-    T.T*'-  '''PP'=^^  *°  be  formed,  as  in  many 

SinL  °^      contents  of  two  or  more  cells,  and  the  subsequent 

mL^'^S220diam^etr"'  ^^-^^  ^^"^  ^'^^  ^'^'"-^ 

to  this  investigation,  and,  more  fortunate  than  our  predecessors,  we  have 

Tpirft^'prrffcrsT^^^^^^  ''"^-p^^^*       ^^^^^^  ^--^^ 

distbct  StCaf  sCi' 

z  2 
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or  two  nuclei,  ""'^I'-^.^S"  °X  kX^^^^^^^  di,s,aod 
a  division  or  jartifoo  n'P^^;" T.pta  appe.r,  until 

ifiL°;!hioiutd'rr.::rLr,& 

Fig.  106. 


•  •  t  d    •  formed  and  tlie  plant  now  exists  in  the  form  of  root-like 

ceremW^a  of  Demazieres.  A.„c<t^c«i»on.-After  the  lapse  of  a 

Third  stage,  f  C      V^'O"^  ^^^^  t^^^^l^^^'  t^^^^^' ^^^'^ 

further  tune,  vert  cal  ^Jf       '^^^  become  branched,  each 

the  plant  ha.  reached  Its  co^^^^^^^  ^^^'^^^^^^  ,or- 

branch  bearing  at  its  extremi^j^ 
puacles. 
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These  corpiiscles  are  ahout  the  size  of  the  original  yeast  sponiles 
but  differ  from  those  bodies  in  their  darker  colour  and  firmer  texture. 

Occasionally  in  the  rom  of  beaded  corpuscles  one  cell  several  times 
larger  than  the  rest  is  seen. 

But  from  observations  made  subsequently  on  the  development  of 
the  sugar  fungus  in  saccharine  urine,  it  appears  that  the  beaded  threads 
do  not  form  the  last  condition  or  stage  in  the  development  of  the  plant, 
but  that  true  aerial  tufts  or  heads  of  sporules  are  formed. 


Pig.  107. 


The  Veasl  Funrjus  in  its  perfect  state  of  development. 


These  heads  were  figured  and  described  in  a  paper  by  ourselves, 
published  in  the  36th  volume  of  '  Medico-Chirurgical  Transactions,' 
p.  26.  '  The  state  and  appearance  of  the  heads  vary  with  the  develop- 
ment. At  first  they  present  a  smooth  outline,  from  being  covered  by  a 
delicate  membrane  ;  this  afterwards  bursting  and  becoming  retracted, 
a  rounded  mass  of  circular  sporules  of  a  brownish  colour  is  disclosed 
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to  view.    The  sponiles  falling  off,  leave  the  dilated  extremities  of  the 
threads  or  filaments  exposed.'    (Fig.  107).  _ 

A  fimo-us,  somewhat  closely  resembling  the  yeast  fmigus  m  its 
perfect  form,  has  been  observed  by  Bennett  in  the  expectoration  of  an 
individual  attacked  with  pneumothorax.      „  ,     ^     ,         .    c  ^i. 

Such,  then,  is  a  very  brief  description  of  the  development  of  the 
yeast-plant  in  its  several  stages. 

From  a  consideration  of  the  structure  of  the  granules  of  the  yeast- 
plant,  their  evident  fungoidal  character,  their  rapid  gro^^h,  &c.,  it 
occurred  to  us  that  the  reason  why  the  true  or  aerial  reproduction  had 
never  been  discovered  was  to  be  found  in  the  fact  that,  yeast  being 
used  always  in  the  state  of  sporules,  sufficient  time  was  not  aUowed 
it  under  ordinary  circumstances,  to  attain  its  full  development,  tor 
which  pm-pose  probably  many  days  woidd  be  required 

Actino-  on  this  impression,  we  placed  m  an  eight-ounce  bottle  a 
tablespooSfid  of  malt,  poured  over  this  about  4  oimces  of  warm  water, 
and  partially  closing  the  mouth  with  a  perforated  cork,  set  it  aside 

^""^  ifthetud  of  that  time  we  were  rejoiced  to  find  that  om-  expec- 
tations were  fuUy  realised,  and  that  we  had  indeed  discovered  that 
•  wS  Tmany  other  observers  had  failed  to  detect.    This  discoveiy 

was  made  in  August,  1850.  ,    ,    ,     i      i        +i  „+  +1-,^ 

The  aerial  reproduction  of  this  plant  clearly  shows  that  the 
German  algologist,  Kutzing,  is  in  error  in  regarding  it  as  a  coulervoid 

^"°^Mo^sope^-andiof^,ea,t.-The  presence  of  yeast  in  a  sr0.stance 
coutainino-  sugar  or  starch  which  is  convertible  into  sugar,  and  mtro- 
Snised  m^atter,  induces  certain  chemical  changes,  comprehended  mider 
the  term  vinous  or  alcoholic  fermentation.       .     .    ^,  .  . 

These  changes  in  the  making  of  bread  consist  m  the  conversion  of 
the  sitar  of  tiTe  flom-  into  alcohol  and  carbonic  acid  gas ;  the  latter,  m 
■         efforts  to  escape  from  the  dough  with  which  it  is  mixed  distends  it, 
fSnSn.  vesicidai^spaces  in  its  interior,  and  so  causing  it  to  become 
porois  W  light.    Much  of  the  alcohol  is  dissipated  m  the  process  of 

^^Tsmall  quantity  of  the  starch  is  converted,_by  the  agency  of  the 
veast  iXS'r,  Which,  in  its  turn,  is  changed  into  alcohol  and  car- 
bonic acid  If  we  exanine  attentively  with  the  microscope  the  starch 
PoJiuscTes  contained  in  femented  and  baked  bread,  we  observe  that 
?heT  afe  foTtTe^S^^^  still  entii-e,  although  altered  somewhat  in 
^"'During  the  baking,  part  of  the  starch  is  vmdoubtedly  converted  into 

'^"''Some  phvsicians  are  of  opinion  that  the  presence  of  yeast  imparts 
inivSus  VropeTe  to  leavened  bread.  This  point  is  one  of  gi-eat 
SrhnpoSance  ;  but  so  far  as  we  are  aware,  no  complete  or  con- 
clusive observations  have  yet  been  made  on  the  subject. 
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It  has  been  computed  that  the  annual  loss  of  alcohol  in  hread- 
niaking  amovmts  to  about  300,000  gallons,  which,  at  19s.  per  gallon 
would  amoimt  to  285,000/.  The  efforts  hitherto  made  in  large  bakeries 
to  save  the  alcohol  have  failed ;  20,000/.  were  spent  in  the  fruitless 
endeavom-  to  collect  and  condense  the  alcohol  in  the  military  bakery 
at  Chelsea.  ^ 

For  the  production  of  wheaten  bread  of  good  quality  it  is  of  course 
necessary  that  the  flom-  fi-om  which  it  is  prepared  should  be  sound 
and  sweet.  If  the  grain  be  much  exposed  to  damp,  or  the  floiu'  made 
from  it,  if  the  grain  from  that  cause  have  sprouted,  the  albuminous 
compounds  of  the  Horn-  will  undergo  decomposition,  causing  them,  as 
already  explained,  to  act  as  a  ferment,  and  occasioning  too  great  a 
conversion  of  the  starch  into  dextrin,  sugar,  and  other  compounds 
arnongst  which  may  be  named  acetic  and  lactic  acids.  Bread  made 
with  flom-  of  this  description  is  soddened,  heavy,  and  of  a  dark  coloiu-. 

Flom-s,  therefore,  which  contain  a  large  quantity  of  nitrogenous 
matter,  as  for  example  those  made  of  whole  meal  flour,  are  more  apt 
to  undergo  in  bread-making  an  excessive  degree  of  fermentation,  than 
are  the  flom-s  prepared  fi-om  the  more  central  and  starchy  portion 
of  the  grain. 

The  employment  of  alum. — In  order  to  prevent  the  excessive  action 
of  the  diastase,  and  also  in  some  cases  to  modify  and  to  arrest  the  action 
of  the  niti-ogenous  constituents  of  the  flom-  when  so  changed  in  their 
natm-_e  as  to  act  as  ferments,  the  addition  of  mineral  substances,  and 
especially  of  alum,  has  long  been  resorted  to,  and  it  is  aflirmed  that 
alum  renders  possible  the  use  of  many  damaged  flom-s  which 
othei-wise  would  either  have  to  be  wasted  or  used  for  other  inferior 
purposes. 

'  The  addition  of  aliun  to  the  dough,'  writes  Dr.  Odling,  in  the 
'  Jom-nal  of  the  Society  of  Ai-ts,'  1858,  '  causes  the  loaves  to  be  white, 
dry,  elastic,  crumbly,  and  unobjectionable  both  as  to  taste  and  appear- 
ance. I  have  found  that  flom-  which  is  of  itself  so  glucogenic  as  to 
yield  bread  imdistioguishable  from  that  made  with  infusion  of  malt, 
could,  by  the  addition  of  alum,  be  made  to  fiirnish  a  white,  dry,  eat- 
able loaf.' 

Alum  is  also  credited  with  the  further  properties  of  preventing 
bread  from  turning  som-  and  becoming  mouldy.  These  statements 
must  be  received,  we  believe,  with  some  limitation.  Certain  it  is 
that  it  is  a  vei-y  common  thing  to  meet  with  soiu-  and  mouldy  bread 
containing  alum.  In  so  far  as  the  alum  restrains  the  production  of 
excessive  and  undue  fermentation,  it  may  certainly  have  some  effect  in 
preventing  the  formation  of  acetic  and  especially  lactic  acid. 

The  opinion  has  long  been  entertained  that  alum  possessed  the 
power  of  causing  bread  to  retain  more  water  than  it  would  otherwise 
do.  It  seems  to  be  questionable  whether  this  is  really  the  case  or  not. 
Dr.  Odling  estimated  the  amount  of  water  contained  m  the  crumb  on 
the  day  of  baking  of  18  loaves  which  contained  alum,  and  7  loaves 
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free  from  alum,  aud  foimd  that  in  the  former  the  average  amount  of 
water  was  43-68,  and  in  the  latter  4278  per  cent.  These  expenments  of 
Dr.  Odling  do  not  quite  settle  the  point,  as  it  is  possible  that  the  alum 
may  cause  the  bread  to  retain  its  water  for  a  longer  time  than  if  that 
substance  were  not  present.    It  would  be  easy  to  determine  this  point 

by  further  experiments.  ^    ■r^     t  i  i  ^ 

With  reference  to  the  use  of  alum,  Dr.  Dauglish  has  writtBU  — 
'  Its  effect  on  the  system  is  that  of  a  topical  astnngent  on  the_  surface 
of  the  alimentary  canal,  producing  constipation  and  deranging  the 
process  of  absorption.    But  its  action  in  neutralising  the  efheacy  of 
the  digestive  solvents  is  by  far  the  most  important  and  imquestionable. 
The  very  purpose  for  which  it  is  used  by  the  baker  is  the  prevention 
of  those  early  stages  of  solution  which  spoil  the  colom-  and  lightness 
of  the  bread  whilst  it  is  being  prepared,  and  which  it  does  most  effec- 
tually :  but  it  does  more  than  needed,  for  whilst  it  prevents  solution 
at  a  time  that  is  not  desirable,  it  also  continues  its  effects  when  taken 
into  the  stomach,  and  the  consequence  is  that  a  large  portion  of  the 
gluten  and  other' valuable  constituents  of  the  flom-  a.-e  ^e^^r  pi-opedy 
dissolved,  but  pass  through  the  alimentary  canal  mthout  afiordmgany 
nourishment  whatever.'  . 
The  lise  of  lime  loater  was  strongly  recommended  many  years  sm^ 

byLiebig  as  a  substitute  for  ^1}^.     ^^^^^^  !f  ^td  S  C 

formation  of  the  starch  into  dextrin,  sugar,  and  lactic  acid ;  and  i^  has 
been  emploved  in  many  cases  for  this  purpose.  It  has  the  advantage 
ofnot  interferino-  so  much  with  the  yeast  fermentation,  while  no 
doubt  its  on  the  digestive  organs  would  be  less  objectionable; 

but  in  this  way  it  must  be  remembered  that  a  certain  amoimt  of  car- 
Wte  of  lime'is  introduced  into  the  bread^  ^V^tTt  if  filXm't 
wHh  lime  water  has  an  agreeable  taste,  and  that  it  is  fiee  horn  tne 
Tov™  to  wMch  nearly  aU  bread  made  in  the  ordinary  way  is  more 

wSrof  ec,»«a,-.-Another  substance  which  has  been  employed 
for  fhe  same  purposl  and  which  exerts  a  veiy  powerful  eflect,  sul- 
i  e  of  ~-  ^  It  is  stated  to  have  been  much  used  m  Belguum 
^rfounce  of  the  salt  being  dissolved  in  about  a  quart  of  water,  and  a 
An  ounce  ot  t^e  sait       n  ^^^^^  necessaiy  for 

To:^^^ofio^^o:^lT:...    T^n.  quantity  is  extremely  small ; 
■   ^evSeless  Jhe  use  of  so  poisonous  a  substance  as  sulphate  of  copper 
™f  iloottrgly  con^demned.    Bread  ^-^^.^  ^^^^ 

i..n,7P«     fii  Ihs  of  doucrh  vield  about  6  lbs.  of  bread, 
be  their  proper  weight. 
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tTNXEAVEim)  OR  TTNFERMENTED  BREAD. 

There  are  two  kinds  of  unfermeuted  bread ;  in  the  one,  suhstauces 
are  used  in  imitation  of  yeast,  from  which  a  gas,  always  carbonic,  is 
disengaged,  distending  the  dough,  and  rendering  it  vesicular  and  light; 
in  the  other,  flour,  water,  with  perhaps  the  addition  of  salt,  only  are 
employed. 

The  substances  used  in  the  preparation  of  the  first  description  of 
unfermented  bread  are  sesquicarbonate  of  ammonia,  carbonate  of  soda 
and  hydrochloric  acid,  or  carbonate  of  soda  and  tartaric  acid. 

Of  these,  by  far  the  best  is  carbonate  of  ammonia ;  this  ia  a  Tolatile 
salt,  and  its  great  advantage  is,  that  it  is  entirely  or  almost  entirely 
dissipated  by  the  heat  employed  in  the  preparation  of  the  bread ;  and 
thus  the  necessary  effect  is  produced  without  risk  of  injurious  results 
ensuing. 

In  the  employment  of  carbonate  of  soda  and  hydrochloric  or  mu- 
riatic acid,  the  case  is,  however,  different ;  here  we  have  the  formation 
of  chloride  of  sodium,  or  common  salt,  with  disengagement  of  carbonic 
acid. 

In  those  instances  where  a  mixtm-e  of  carbonate  of  soda  and  tartaric 
acid  is  used,  tartrate  of  soda  is  formed,  also  with  liberation  of  carbonic 
acid. 

The  preparations  known  as  Baking,  JEgg,  and  Custa7-d  jjoivders  are 
combinations  of  carbonate  of  soda  and  tartaric  acid,  mixed  with  wheat 
flom-,  or  other  kind  of  starch,  and  the  egg  powders  are  often  coloured 
with  turmeric,  and  formerly  also  frequently  with  chromate  of  lead. 

Of  these  preparations  the  most  objectionable  would  appear  to  be 
that  made  with  carbonate  of  soda  and  tartaric  acid,  since  the  result- 
ing tartrate  of  soda  possesses  aperient  properties.  For  our  owa.  part, 
we  see  much  less  objection  to  the  employment,  in  the  generality  of 
cases,  of  a  substance  like  yeast,  which  contains  but  little  saline  matter,, 
and  the  vitality  of  which  is  for  the  most  part  destroyed  by  the  heat 
of  the  oven,  than  in  the  use  of  acids  and  alkalies,  for  egg  and  baking 
powders. 

Samples  of '  baking  powders '  examined  by  us  we  found  composed 
of  tartaric  acid  and  carbonate  of  soda,  together  frequently  with  ground 
rice  or  wheat  ffour. 

It  should  be  known  that  hydrochloric  acid  is  frequently  contami- 
nated to  a  serious  extent  with  arsenic,  and  hence  its  use  may  in  some 
cases  prove  injurious. 

It  will  be  seen  from  the  following  published  receipts  for  the  pre- 
paration of  unfermented  bread,  that  the  quantity  of  saline  matter  thus 
introduced  into  the  system  is  by  no  means  inconsiderable  : — 
To  make  White  or  Flour  Bread. 
Flour,  dressed  or  household     .       .         3  lbs.  avoirdupois. 
Bicarbonate  of  soda,  in  powder       .         9  drachms,  apothecaries'  weight. 
Hydrochloric  (muriatic)  acid        .        llj  fluid  drachms. 
W at«r  about  25  fluid  ounces. 
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OlDserve  the  large  quantity  of  soda  and  acid  recommended  to  be 
employed  in  the  maniifactm-e  of  a  3-lh.  loaf. 

Br.  Pereira  gave  the  following  receipt  for  the  manufactiu-e  of 
unfermented  hread ;  the  proportions  of  soda  and  acid  in  this  are  much 
less : — 

Receipt  for  Unfermented  Bread. 

Flour  1  lb- 
Bicarbonate  of  soda        ....  40  grains. 

Cold  water  4  pint- 

Muriatic  acid   50  drops. 


Receipt  for  an  Egg  or  Baking  Powder. 

Carbonate  of  soda   56  lbs. 

Tartaric  acid    28  lbs. 

Potato  flour   1  cwt. 

Turmeric  powder  t  lb. 

It  will  he  ohserved  that  the  quantity  of  tartaric  acid  in  this  receipt 
is  too  small  to  neutralise  the  soda.  It  is  better  adapted  for  pudding 
than  bread. 

The  second  description  of  unfermented  bread  is  heavy  and  compact, 
and  is  met  with  chiefly  in  the  foi-m  of  biscuits. 

While  bread,  therefore,  made  with  yeast  powders,  may  prove  of 
service  in  some  cases  of  dyspepsia,  in  others  it  is  calculated  to  do  hann. 


AERATED,  BKEAB. 

In  the  processes  for  the  preparation  of  unfei-mented  bread 
hitherto  described,  certain  substances  are  introduced  bodily  into  the 
douo-h,  from  which,  when  they  come  into  contact,  the  carbonic  acid 
is  liberated,  chloride  of  sodium  or  tartrate  of  soda  being  formed. 
'Sometimes,  as  alreadv  pointed  out,  sesquicarbonate  of  ammoma  is 
employed,  and  in  this  "case  the  whole,  or  nearly  the  whole,  of  that  salt 
is  dissipated  in  the  process  of  baking.  We  have  shown  that  thus  a 
considerable  amount  of  mineral  matter  is  inti-oduced  into  the  bread, 
and  in  order  to  obviate  this  objection,  it  occm-red  to  the  late  Dr. 
Dauglish  first  to  liberate  the  carbonic  acid,  and  then  introduce  it  into 
the  flour  by  means  of  water  highly  charged  with  the  gas.  The  car- 
bonic acid  is  obtained  from  chalk  by  the  action  of  dilute  sidphunc 
acid,  is  collected  in  a  gasholder,  from  which  it  is  made  to  pass  into  a. 
vessel  containing  water,  which  thus  becomes  charged  with  the  acid. 
The  water  so  charged  is  then  mixed  with  the  flour  imder  pressure,  the 
douo-h  becoming  vesicular  immediately  on  the  removal  of  the  pressure. 

He  advantages  of  the  process  are  its  certainty,  its  extreme  cleanh- 
ness,  its  great  rapidity,  the  saving  of  labom-  and  material  by  the  non- 
conversion  of  the  sugar  and  a  portion  of  the  starch  luto  carbomc  acid 
and  alcohol,  the  avoidance  of  extreme  fermentation  and  the  consequent 
production  of  acetic  and  lactic  acids,  rendering  the  use  ot  the  highly- 
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nutritious  whole-meal  flour  practicable  in  bread-making,  and,  lastly, 
there  are  the  sanitary  advantages,  night  work  being  rendered  unneces- 
sary. 

Notwithstanding  these  many  advantages,  and  the  light,  white  and 
porous  natm-e  of  the  loaf,  and  very  agreeable  flavour  of  the  bread  made 
by  this  process,  it  does  not  appear  that  its  use  is  extending,  or  that  the 
process  is  likely  to  supersede  the  old  method  of  the  preparation  of  bread 
by  the  aid  of  yeast.  It  is  said  that  persons  quickly  become  tu-ed  of 
the  aerated  bread. 

THE  AlfAITSIS  OP  BEEAB. 

The  analysis  of  bread  is  conducted  exactly  in  the  same  manner  and 
on  the  same  principles  as  that  of  floitr,  the  important  points  to  be 
ascertained  in  the  case  of  really  genuine  bread  being  the  amounts  of 
water,  glucose,  dextrin,  starch,  cellulose,  gluten,  and  mineral  matter, 
including  chloride  of  sodiiun. 

The  methods  for  the  determination  of  all  these  have  already  been 
fully  described,  and  need  not  be  here  repeated. 

Of  com-se  if  the  bread  be  adulterated  a  variety  of  other  determina- 
tions will  have  to  be  made,  and  which  we  shaU  presently  notice. 

But  a  bread  may  be  genuine  and  yet  of  either  inferior  quality  or 
damaged  and  unsoimd.  It  may  be  of  inferior  quality  from  deficiency 
of  nitrogen,  from  changes  in  the  nitrogenous  constituents,  and  from 
undue  fei-mentation.  Some  of  these  conditions  woidd  be  revealed  in 
the  com-se  of  the  analysis  above  sketched  out,  while  the  excessive 
fennentation  would  be  in  part  ascertained  by  noting  whether  the  bread 
exhibited  an  acid  reaction,  and,  if  so,  estimating  the  amoimt  of  acid 
present,  determining  in  some  cases  the  amounts  of  the  acetic  and  lactic 
acids  separately.  In  this  case  the  total  acidity  should  first  be  deter- 
mined ;  the  volatile  acid  should  then  be  removed  by  distillation  from 
another  portion  of  the  bread,  when  the  remaining  fixed  acid  may  be 
determined  and  regarded  as  lactic  acid. 

It  may  be  damaged  from  the  presence  of  one  or  other  of  the  various 
organic  productions,  especially /itn(/e,  which  have  already  been  described 
imder  the  head  of  the  '  Diseases  of  the  Cereal  Grains,'  and  in  this  case 
we  must  have  recourse  to  themicroscope  for  the  discovery  of  the  cause 
of  the  damage. 

THE  ADTJLTEEATIONS  OF  BEEAD. 

The  adulterations  of  bread  of  course  correspond  very  closely  with 
those  of  the  flour  from  which  it  is  prepared,  and  they  may  be  all 
classified  under  the  heads  of  organic  and  mineral  adulterations. 

We  have  already  described  what  these  adulterations  are,  for  the 
most  part,  and  we  need  here  therefore  only  refer  to  those  which  have 
either  not  been  mentioned  before,  or  which  have  been  as  yet  insuffi- 
ciently treated.    Amongst  the  former  are  those  with  water,  gnashed 
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potatoes,  and  boiled  rice,  while  amongst  the  latter  are  alum  and  sulphate 
of  copper. 

With  boater. — Of  course,  since  bread  is  sold  by  weight,  it  is  im- 
portant to  the  baker  that  it  should  contain  as  much  water  as  possible. 
We  have  seen  that  new  bread  contains  on  an  aA^erage  as  much  as  42-8 
per  cent,  of  water,  of  which  about  10  parts  are  natural  to  the  flour. 
Now  bread  is  made  to  retain  an  increased  quantity  of  water  in  several 
ways. 

One  method  is,  after  having  incorporated  as  much  water  in  the  ^ 
dough  as  possible,  to  put  it  into  a  hot  oven.    This  causes  the  crust  to 
form  speedily,  which  prevents  the  escape  of  water. 

The  same  object  is  attained  by  thi-owing  sacks  over  the  loaves  im- 
mediately after  their  removal  from  the  oven.  This  prevents  the  dissipa-  ' 
tion  of  some  of  the  water  which  passes  off  so  quickly  from  the  hot 
loaves. 

A  third  method  is  by  the  employment  of  rice.  This,  when  cooked, 
swells  up  greatly  and  absorbs  much  water. 

Potatoes,  when  used  in  any  quantity,  have  probably  the  same  effect. 

It  was  for  a  long  time  believed  that  alimi  also  caused  the  bread  in 
which  it  is  contained  to  hold  more  water,  but  this  would  appear  from 
Dr.  Odling's  experiments  not  to  be  the  case,  at  all  events,  ia  newly- 
baked  loaves. 

With  mashed  ijotatoes. — It  is  also  notorious  that  bakers  fi-equently 
add  a  proportion  of  potatoes  to  bread.  These,  when  mashed,  are  mixed 
with  the  yeast,  which  is  said  to  feed  upon  the  potatoes,  and  for  which 
purpose  only  it  is  alleged  the  potatoes  are  used,  and  not  for  adultera- 
tion. When  the  quantity  of  potatoes  employed  is  but  small,  this  may 
be  so  ;  but  there  is  no  doubt  that  they  are  sometimes  added  in  con- 
siderable quantities  to  bread,  especially  when  they  ai-e  cheap. 

Now  the  potato  in  its  raw  state  contains  about  75  per  cent,  of 
water,  and  as  commonly  served  iip  to  table  even  a  little  more,  so  that 
this  adulteration  really  causes  the  bread  to  contain  more  water,  and 
so  robs  it  of  a  portion  of  its  nutritive  properties.  Again,  the  potato 
contains  only  half  as  much  nitrogen  as  wheat  floiu-. 

With  boiled  rtce.— This  also  is  not  vmfreqxiently  added  to  bread,  and 
its  presence  likewise  impairs  its  nutritive  properties  in  two  ways: 
fii-st,  rice  contains  far  less  nitrogen  than  does  wheat  (about  7  per  cent, 
only) ;  and,  second,  it  causes  the  bread  to  hold  more  water  than  ifc 
would  do  if  made  of  wheat  floiu:  alone,  and  thus  the  quaUty  of  the 
bread  as  a  life-sustaining  food  is  still  fiu-ther  reduced.  Boiled  rice 
contains  about  77  per  cent,  of  water. 

With  sulphate  of  alumina  and  jjotash  or  ahmi.—  We  have  ah-eady 
treated  to  some  extent  of  the  adulteration  of  bread  with  alum,  but  we 
have  by  no  means  as  yet  exhausted  the  subject.  ■,  . 

It  is  notorious  that  many  bakers  add  either  alimi  to  their  bread  or 
a  mixture  of  alum  and  salt  known  in  the  trade  by  the  terms  /  hards' 
and  '  stuff;'  and  thus  in  many  cases  the  flom-  receives  two  additions  ot 
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aliun,  the  haker  being  often  unaware  that  he  has  heen  already  antici- 
pated hy  the  miller. 

The  use  of  alum  in  bread  is  particularly  injurious.  It  is  true  that 
it  causes  the  bread  to  be  whiter  than  it  would  be  otherwise,  indeed, 
whiter  than  it  was  ever  intended  to  be  by  natui-e ;  but  it  imj^arts  to 
bread  several  other  properties :  thus  it  hardens  the  nutritious  consti- 
tuent of  the  bread,  the  gluten,  and  so,  on  the  authority  of  that  great 
chemist  Liebig,  renders  the  bread  more  indigestible ;  it  enables  the 
baker  to  adulterate  his  bread  with  greater  quantities  of  rice  and  pota- 
toes than  he  coidd  otherwise  employ  ;  and,  lastly,  by  the  use  of  alum 
lie  is  able  to  pass  off  an  inferior,  and  even  a  damaged  flom",  for  one  of 
superior  quality.  Is  it  worth  while  to  injm-e  the  properties  of  the 
bread  by  using  aliun  for  the  sake  of  obtaining  an  unnaturally  white 
loaf? 

The  public,  then,  in  judging  of  the  quality  of  bread  by  its  colour 
— by  its  whiteness — commits  a  most  serious  mistake  :  there  is  little  or 
no  connection  between  colom-  and  quality  ;  in  fact,  veiy  generally,  the 
whitest  breads  are  the  most  adulterated.  The  public,  therefore,  should 
lose  no  time  in  correcting  its  judgment  on  this  point. 

The  outer  part  of  the  grain  of  wheat  has  been  proved  by  analysis 
to  be  much  richer  in  nom-ishing  principles,  in  gluten  and  in  oily 
matter  especially,  than  the  central  and  more  flom-y  parts  of  the  grain. 
Now,  in  preparing  the  finer  descriptions  of  floiu",  the  utmost  pains 
are  taken  to  separate  this  highly  nutiitious  exterior  portion  of  the 
grain,  and  thus,  althoug-h  the  flom-  so  obtained  is  very  fine  and  white — 
veiy  suitable  for  making  a  white  loaf,  that  fallacious  test  of  quality — 
it  is  yet  not  nearly  so  nutiitious  as  whole-meal  flom-,  or  even  the 
less  finely  dressed  qualities  of  wheat  flom'.  The  consumer,  now  better 
instructed,  is  in  a  position  to  judge  of  how  much  he  sacrifices  for  the 
mere  sake  of  an  arbitrary  and  fallacious  standard  of  quality,  namely 
whiteness.  The  difference  in  nourishing  properties  between  whole- 
meal flom'  and  very  finely  dressed  fiom'  amounts  in  many  cases  to  fully 
one-third. 

Further,  alum  is  very  apt  to  disorder  the  stomach,  and  to  occasion 
acidity  and  dyspepsia. 

The  manner  in  which  it  does  so  has  not  been  clearly  ascertained. 
The  powerful  efiects  of  alum  as  an  astringent,  when  administered  as  a 
medicine,  are  well  known ;  but  when  added  to  flour  or  bread,  it  be- 
comes decomposed,  sulphate  of  potash,  an  aperient  salt,  being  formed. 

Liebig  considers  that  part  of  the  beneficial  action  of  wheat  flour 
on  the  system  is  due  to  the  soluble  phosphates  which  it  contains  in 
such  large  quantities,  and  he  states  that  when  alum  is  added  to  bread 
these  are  decomposed,  the  phosphoric  acid  of  the  phosphates  imiting 
with  the  alumina  of  the  alum,  and  that  thus  an  insoluble  phosiDhate  of 
alumina  is  formed,  and  the  beneficial  action  of  the  phosphates  conse- 
quently lost  to  the  system. 

So  satisfied  is  Liebig  that  this  is  the  case,  that  he  has  recom- 
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mended  the  employment  of  small  quantities  of  lime  water  for  tlie 
purpose  of  whitening  bread  made  from  musty  or  damaged  flom- ;  and 
it  was  stated  at  a  meeting  of  the  British  Association  at  Glasgow  that 
lime  water  is  now  used  by  many  Scotch  baliers. 

The  following  is  Liebig's  own  statement  of  his  views : — 

'  Many  salts  render  the  gluten  again  insoluble,  apparently  by  form- 
iuo-  with  it  a  chemical  combination. 

°  '  The  bahers  of  Belgium  discovered,  about  twenty  years  ago,  how 
to  bake  from  damaged  flour— by  adding  sulphate  of  copper  (a  poison) 
to  the  dough— a  bread  in  appearance  and  external  properties  as  fine 
as  from  the  best  wheat  flom-.  This  mode  of  improving  its  physical 
properties  of  com-se  deteriorates  its  chemical  properties.  Alimi  has 
the  same  effect  as  sulphate  of  copper :  when  added  to  the  dough  it 
renders  the  bread  very  light,  elastic,  firm,  and  ivj  ;  and  the  London 
bakers,  in  consequence  of  the  demand  for  white  bread,  such  as  the 
English  and  American  flom-s,  usually  so  good,  yield,  appear  to  have 
been  compelled  to  add  almn  to  all  flour  in  the  baking.  I  saw  m  an 
alum  manufactoiy  in  Scotland,  little  moimds  of  finely-ground  alum, 
which  was  destined  for  the  use  of  the  London  bakers. 

'  Since  phosphoric  acid  forms  with  alumina  a  compoimd  hardly 
decomposable  by  alkalies  or  acids,  this  may  perhaps  explain  the  mdi- 
o-estibility  of  the  London  baker's  bread,  which  strikes  aU  foreigners.  A 
small  quantity  of  lime  water  added  to  the  musty  or  damaged  flour,  has 
the  same  eifect  as  the  alum  or  sulphate  of  copper,  without  bemg  fol- 
lowed by  the  same  disadvantages.'— Xe«e?-s  on  Chemistry. 

Enough  has  now  been  adduced  to  show  that  it  is  a  very  dangerous 
thin<r  to  tamper  with  articles  of  daily  food  and  of  large  consmnp- 
tion,°like  flom-  and  bread,  by  the  addition  of  chemical  substances  of 

'^'^''^if^s  'ciu-ious  to  notice  the  argimients  to  which  the  defenders  of 
adulteration  are  driven  in  order  to  find  excuses  for  certam  practices. 
We  were  some  years  since  much  astonished  at  one  of  these  arguments. 

A  learned  chemical  professor,  at  a  late  meeting  of  the  British  Asso- 
ciation in  Glasgow,  defended  the  use  of  alum  in  bread  on  the  foUowmg 

He  stated  that  Thames  water  was  so  alkaline,  it  turned  the  flour 
yelloiu,  and  hence  the  use  of  an  acid  became  necessary. 

Home-made  bread  is  certainly  not  so  white  as  bakers  bread,  the 
difi-erence  being  explained  by  the  absence  of  the  alum  ;  but  it  is  cer- 
tainly not  the  case  that  Thames  water  has  the  remarkable  effect  of 

turnins:  the  flour  yellow.  ,  x        j  v 

But  the  real  and  actual  facts,  as  regards  Thames  water  and  its 
effects  on  the  colour  of  the  bread,  are  these :— 

The  alkalinity  of  Thames  water  is  so  trifling  that  it  is  scarcely  per- 
ceptible to  the  most  delicate  test  paper ;  again,  durmg_  the  fermenta- 
tion of  the  bread  a  large  quantity  of  acid  is  generated  mt.n^i^^  more 
than  would  be  sufficient  to  neutralise  the  alleged  alkahmty  of  Thames 
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water,  and  to  counteract  any  tendency  whicla  it  is  said  to  possess  to 
tui-n  floiu"  yellow. 

Again,  contrast  the  professor's  argument  with  the  practice  recom- 
mended by  Baron  Liehig.  The  one  says  Thames  water  is  so  alkaline 
it  tiu'ns  flom*  yellow,  and  the  other  advises  the  use  of  an  alkali  to 
whiten  it. 

But  we  will  suppose  that  the  professor's  views  are  not  altogether 
destitute  of  foundation,  yet  they  would  constitute  but  a  poor  reason 
for  the  employment  of  aliun.  That  substance  is  used  in  bread-maldng 
neai-ly  all  over  the  United  Kingdom,  and  yet  the  use  of  Thames  water 
is  confined  to  the  metropolis  and  its  vicinity.  We  repeat,  then,  it  is 
curious  to  notice  the  character  of  the  arguments  which  sometimes  even 
scientific  men  will  condescend  to  use  in  defence  of  adulteration. 

Another  argument  by  which  the  use  of  alum  is  defended  is  that 
the  quantity  employed  is  but  small :  upon  this  point  the  following 
evidence  may  be  adduced : — 

The  author  of  the  celebrated  treatise  '  Death  in  the  Pot,'  writes  :  

'  The  smallest  quantity  of  alum  which  can  be  employed  with  effect 
to  produce  a  white,  light,  and  porous  bread  from  an  inferior  kind  of 
flom-,  I  have  my  own  baker's  authority  to  state,  is  from  three  to  four 
ounces  of  alum  to  a  sack  of  flour  weighing  240  lbs.' 

Dr.  Markham  gives  eight  ounces  of  alum  as  the  quantity  used  to  a 
sack  of  flour. 

From  enquiries  which  we  have  made  amongst  bakers  we  find  that 
the  quantity  of  almn  usually  employed  is  half  a  poimd  to  the  sack  of 
flom-  weighing  240  lbs.,  and  that  the  quantity  used  varies  according  to 
the  age  and  condition  of  the  flour ;  thus  new  flom-  requires  much  more 
alum  than  old ;  indeed,  a  white  bread  may  be  made  from  old  flour 
vrithout  any  addition  of  alum,  while  as  much  as  three-quarters  of  a 
poiind  may  be  added  to  the  sack  of  very  new  floiu-.  New  flom-  is  that 
which  comes  into  use  about  November  and  December :  hence  the  bi-ead 
made  in  these  months  usually  contains  a  large  proportion  of  almn. 
Old  flour  is  that  used  in  the  two  or  thi-ee  summer  months  preceding 
the  harvest. 

Fom-  ounces  give  about  30  grains  of  alum  to  every  4  lbs.  of  flour, 
eight  ounces  60  grains,  and  twelve  ounces  90  grains.  INIr.  Mitchell, 
the  author  of  a  treatise  on  the  'Falsification  of  Food,'  states  that  he 
detected  in  ten  4-lb.  loaves  of  bread,  819^  grains  of  aliun. 

With  respect  to  condition,  a  flour  which  is  weak — that  is,  which 
does  not  bind  readily  in  consequence  of  a  deficiency  of  gluten — re- 
quires a  much  larger  proportion  of  alum,  and  in  this  case  from  three- 
quarters  to  a  pound  of  that  salt  may  be  added. 

Salt  has  much  the  same  eflect  as  alum ;  that  is,  it  makes  the  bread 
white  and  firm,  and  hence  it  is  sometimes  used  in  excess,  to  supply  the 
place,  to  some  extent,  of  alum.  The  average  quantity  of  salt  added  by 
bakers  to  bread  wherein  alum  is  used  is  not  less  than  about  sixty  ounces 
to  the  240  lbs. ;  but  the  amount  varies  with  the  age  of  the  flour. 
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With  mlphate  of  copper.-This  poisonous  salt  lias  been  employed 
as  lias  been  abeady  noticed  in  this  report,  more  than  once  for  the  same 
p'lrposes  as  Im-namely,  to  harden  the  gluten,  and  to  impart  an  un- 

iust  enumerated,  are  stated  to  be  employed  m  the  adulteration  of  bread, 
Sd  the^  is  no  doubt  that  they  have  been  thus  used.  These  are 
Zt  aZ,  hone  dust,  whUe  clay  or  silicaie  of  the  c«,-5on.<^e«  0/ 

sTda    maaLia,  and  lime,  and  lastly,  mineral  ivhite,  term  alia  0, 

duced  through  the  flour  with  which  the  bread  is  made. 

BemltB  of  the  Examinations  of  numerous  samples  of  Bread  for  Alum 
"    Of  twenty-eight  samples  of  bread  tested  for  alum  some  time  back, 

+lint  substance  was  found  in  every  one  of  the  samples.  .  .  . 

that  si^stan^e  /^^^^^^  .erie^  of  samples  of  bread 

tweSveTnumber,  were"also  tested  for  alum,  and  this  salt  was 
fnund'in  the  whole  of  the  samples.  _  -      j  „„„ 

Th  ^e  of  the  bakers  whose  bread  was  examined,  and  foimd  to  con- 

Jie  flSy X  mill..,.    Ms  discovery  led  to  tlje  exBmn.t,on 

Sffnrat  were  aeTieBt  e^My-si.  ounces.   Sc-eely  a  s.Bgle 

LtrSSTpro"^-  -  eS  is  con^ned^ln  t.e 
Police  Act  of  Edinburgh. 

THE  DETECTION  OF  THE  ADTTLTEBATIONS  01?  BREAI) 

1  X      =  oT„q  nrtinles  emnloved  in  the  adulteration  ot 
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the  first  head  are  inohided  hean,  rice,  rye,  barley,  aud  Indian  corn 
Jiours,  potato  flour,  potatoes,  and  hone  dust ;  under  the  second,  sulphate 
of  alumina  and  potash,  or  alum,  sulphate  of  copper,  sulphate  of  lime  • 
other  names  for  which  are  plaster  of  Pans,  f/ypswm,  terra  alba  or  mineral 
lohite,  silicate  of  magnesia,  white  clay,  carbonates  of  lime,  magnesia,  and 
soda,  bone  ashes  or  phosphate  of  lime. 

The  Detection  of  the  Orgimic  Adulterations  of  Bread. 
The  only  means  hj  which  the  adulterations  of  bread  with  the  dif- 
ferent kinds  of  flour  enumerated  can  be  discovered,  is  by  the  microscope. 

Fig.  108. 


WTieai  Bread,  adulterated  with  potato.  Magnified  420  diameters. 


The  discovery  is  very  much  more  easily  effected  in  flour  than  in 
bread,  because  the  heat  to  which  bread  is  subjected  in  hairing  alters 
greatly  the  original  form  of  the  starch  granules,  and  so  renders  their 
identification  most  difficult,  and  in  some  cases  impossible. 

The  characters  of  the  starches  of  the  several  floui-s  used  in  the 
adulteration  of  bread  have  already  been  described. 
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In  those  cases  in  which  it  is  impossihle  to  recognise  the  starch 
o-rauules  by  means  of  the  microscope,  in  consequence  of  the  altera- 
tions which  they  have  undergone,  search  should  be  made  for  portions 
of  the  husk  of  the  several  gi-aius,  as  these  are  much  less  afiected  by  the 
heat  and  moisture  than  the  starch  granules  themselves. 

It  is  often  extremely  difticnlt  to  detect  the  presence  of  even  boiled 
and  mashed  potatoes  in  bread,  and  this  in  cases  in  which  it  is 
certain  that  they  have  been  used,  as  when  only  a  small  quantity  oi 
potatoes  has  been  added  for  the  yeast  to  feed  upon.  This  diihculty, 
we  believe,  arises  from  the  fact  that  the  potato  cells  and  starch  granules 
become  entirely  broken  up  and  destroyed,  as  a  consequence  ot  the  ler- 
mentation  which  takes  place  diuringthe  preparation  of  the  patent  yeast. 
When,  however,  potatoes  are  employed  in  larger  quantity  and  otc  added 
du-ect  to  the  flour,  the  detection  of  the  potato  ceUs  is  easily  eftected  by 

the  microscope.  i    i   ,     <>  .1 

The  method  for  the  discovery  of  hone  dust,  the  last  ot  the  organic 
adulterations,  wiU  be  found  described  under  the  head  of  '  Flour. 

The  Detection  of  the  Inorganic  Adulterations  of  Bread. 

The  methods  for  the  detection  and  estimation  of  nearly  the  whole  of 
the  inoro-anic  adulterations  of  bread  will  be  found  described  m  the 
article  on  '  Floiu-,'  and  it  wiU  only  therefore  be  necessary  in  this  place 
to  give  the  more  important  processes  for  the  detection  and  estunation 
of  alum  and  sulphate  of  copper.  ,  ,  i, 

On  the  detection  of  alum  in  Srefff?.— Much  has  been  written,  and 
much  discussion  has  taken  place,  in  reference  to  the  methods  to  be 
pursued  for  the  detection  and  estimation  of  alum.  The  perusal  of  all 
that  has  been  wi-itten  on  this  subject  would  lead  an  ordinary  observer 
to  form  the  opinion  that  the  detection  and  estimation  of  aliun  m  biead 
constituted  one  of  the  most  difficult  operations  m  ^l^^^^^^-  ,  ^^^^f 
really  not  so,  however,  and  there  are  several  processes  whereby  this  salt 
may  be  estimated  with  ease  and  imdoubted  accm-acy .  We  shall  notace 
^iSy  those  methods  which  are  the  most  practical,  and  at  the  same  time 

Akm  is  crystallised  sulphate  of  alumina  and_  potash.  In  general, 
in  analysino-  flour  or  bread  for  this  substance,  it  is  not  necessary  to  do 
more  than  estimate  the  alumina,  this  being  a  -bstance  which  is  no 
assimilated  by  plants,  and  which,  consequently,  does  not  occiu-  m  the 
ThTf  the  ceTeals.  It  is  safest,  however,  when  we  desire  to  exclude 
every  possibility  of  a  mistake,  to  estimate  the  amount  of  siilphimc  acid 
al  wln  The  quantity  of  sulphuric  acid  uatm-ally  occmring  m  the  a  h  of 
the  Sain  is  of  course  to  be  deducted.  The  following  is  one  ol  the 
best  and  simplest  processes  which  can  be  adopted  :- 

Incinerate  in  a  platinum  basin  75  grammes  of  the  flour,  or  iw 
.rammes  of  the  crimib  of  the  bread.  The  incineration,  although  9  ow 
^elds  a  perfectly  white  ash,  free  from  aU  carbonaceous  matter;  but  .1 
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time  is  an  otject,  the  bread,  after  being  cliaiTed,  may  be  reduced  to 
powder  and  incinerated  in  a  muffle.  The  ash  is  boiled  in  the  platinum 
basin  with  some  strong  hydrochloric  acid  and  evaporated  to  dryness 
on  the  water-bath,  in  order  to  render  insoluble  any  silica  which  mio-ht 
have  been  in  solution.  The  dried  mass  is  moistened  and  heated  with 
a  few  drops  of  strong  hydrochloric  acid ;  50  cc.  of  water  are  then 
added,  and  the  solution,  which  contains  tlie  alumina  as  chloride  of 
alimiinum,  is  fUtered.  The  filtrate  is  rendered  strongly  alkaline  by  a 
solution  of  pure  potash.  The  potash  precipitates  the  phosphates  of 
lime  and  magnesia,  while  the  aliunina  is  kept  in  solution.  The  allcaline 
solution  is  boUed,  and  after  filtration  is  slig-htly  acidulated  with  pure 
hydrochloric  acid,  and  then  anunonia  is  added  until  the  reaction  of  the 
liquid  is  decidedly  alkaline.  If  any  precipitate  be  thrown  down,  this 
consists  of  alimiina,  more  or  less  combined  with  phosphoric  acid,  phos- 
phate of  aliunina  being  perfectly  analogous  in  many  of  its  properties 
with  pure  alumina.  The  precipitate  is  separated  by  filtration,  washed, 
incinerated,  and  weighed.  It  is  then  decomposed  "by  fusion  with  car- 
bonate of  soda,  the  mass  is  dissolved  in  nitric  acid,  and  in  the  solution 
the  phosphoric  acid  is  estimated  as  described  under  the  head  of  '  Tea.' 
The  amount  of  phosphoiic  acid  is  to  be  subtracted  from  the  weight  of 
the  phosphoric  acid  and  alumina  obtained,  when  the  exact  amount  of 
ahunina  wiU  be  ascertained. 

To  avoid  the  troublesome  estimation  of  the  phosphoric  acid,  we  are 
in  the  habit  of  adding  a  few  drops  of  phosphate  of  soda  to  the  solution 
before  precipitating  with  ajamonia.  Pm-e  phosphate  of  alumina  is 
then  thrown  down,  which  may  easily  be  calculated  for  alum.  100 
parts  of  alumina  coiTespond  to  711-8  parts  of  crystallised  alum,  and 
100  parts  of  phosphate  of  alumina  to  299-2  parts  of  ahim. 

Another  method,  which  is  based  on  thoroughly  scientific  principles, 
but  which  is  rather  complicated,  has  been  proposed  by  Dr.  Duprd, 
'  Chem.  News,'  Vol.  xxix.,  No.  757  :  — '  One  hundred  gTammes  of  bread 
(^crumb  only)  are  carefully  incinerated  in  a  platinum  dish.  The  ash 
is  fused  in  the  dish,  with  about  three  times  its  weight  of  pm-e  carbonate 
of  sodium,  or  of  a  roixtm-e  of  the  carbonates  of  potassium  and  sodiiun 
in  equal  proportion.  The  incineration  and  fusion  are  best  performed 
in  a  muffle.  The  fused  mass  is  dissolved  in  hydrochloric  acid,  and  the 
solution  is  evaporated  to  dryness.  The  residue  is  redissolved  in  acid, 
and  the  silica  filtered  off'  as  usual.  To  the  filtrate  ammonia  is  added, 
until  a  slight  permanent  precipitation  is  produced,  which  is  then  redis- 
solved by  about  six  drops  of  sti-ong  hydrochloric  acid.  A  slight  excess 
of  acetate  of  ammonium  is  now  added,  and  the  mixture  is  set  aside 
over  night.  Next  morning  the  precipitate  formed  is  filtered  off",  washed, 
and  redissolved  in  hydrochloric  acid.  The  solution  is  boiled  for  a  few 
minutes  with  a  small  quantity  of  bisulphite  of  sodium,  and  an  excess 
of  caustic  soda  is  added,  and  the  boiling  continued  for  a  few  minutes 
longer.  The  precipitate,  chiefly  magnetic  oxide  of  iron,  is  filtered  off", 
the  filtrate  is  rendered  feebly  acid  by  hydrochloric  acid,  and  acetate  of 

AA  2 
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ammonia  added  in  slight  excess.  After  standing  over-night  the  preci- 
pitate, now  consisting  of  pure  phosphate  of  alummum,  is  coUected  on 
I  mev,  washed,  dr?ed,  ignited,  and  weighed.  By  multiplying  its 
weioht  in  grammes  by  542,thenimiher  of  grains  of  alum  corresponding 
to  the  amount  of  alumina  present  in  2  lbs.  of  the  bread  is  obtained 

In  both  these  methods  it  is  of  the  highest  miportance  to  employ 
pm-e  reagents.    The  hydrochloric  acid  and  the  ammonia  never  contain 
aralumina,  but  the  caustic  potash  or  soda  is  exceedingly  hable  to  be 
SelyTontaminated  with  it.  Care  therefore  must  be  taken  to  use  only 
pme  potash  or  soda;  the  solution  must  be  freshly  prepared,  and  not 
aiowed  to  stand  for  any  length  of  time  m  a  glass  flask  or  bottle 
from  which  it  would  be  sm-e  to  dissolve  alumina    It  is  advisab  e 
toZeasure  the  quantities  of  all  reagents  used  m  the  com:se  of  the 
exam  nation,  and  to  make  a  blank  experiment  with  the  same  quantises 
drten"  fning  if  necessary  the  amount  of  alumma  found  in  them  This, 
of  ci  re,Ts  to  be  deducted  from  the  alumina  obtained  from  the  flom- 
or  breM.  But  it  is  best  to  take  the  most  scrupulous  care  to  procm-e  ^^i^re 

'^'Tny  mrt  of  the  process  which  can  be  conducted  in  platinum  vessels 
ought  to  be  executed  therein  ;  glass  and  P°rcelam  vessels  sho  M  b^^ 
avoided.     The  alkaline  solution  must  never  be  boiled  m  glass  or 

^°'lt t;  been  alleged  that  by  the  evaporation  t^f^^T^.^^^^^^^^^ 
solution  chloride  of  alumimun  was  siu-e  to  be  volatihsed.     Unly  the 
™s?  ignomnce  of  chemistiy  can  lead  to  such  an  assertion.  Chlonde 
grossest  iguuiciuuc  ^_i„l;ie  jt  is  true,  but  only  when  anhydi-ous. 

laZatedl;  ciS^'t^-^^^^^^^^^  forms  hydiUoric  acid  and 

J^nS  or  basic  chloride  of  aluminum.    A  loss  of  alumimun  by  vola- 

methods  described   8  sure  to  g  ^.^  mistakes, 

SLrrete«U'^  occm-red,  are  mainly  due  to  want 

of  l^°^l«^^ff^^,^^fJ^\,^,,.  process  in  order  that  it  may  be  avoided : 

tamed  as      J- ^J' "  A  precinitete  will  always  be  obtained, 

^•S^ZX^  ^been  p,es»twl.il  „b- 

taining  the  slightest  ^olet  coloration  estimated  to 

^Z'^x:!  srdtrs  sssn-  or 
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50  graniines  of  bread  are  incinerated,  the  asli  is  treated  with  pure 
hydrochloric  acid,  and  in  the  solution  the  sulphuric  acid  is  precipi- 
tated hy  means  of  chloride  of  barium.  The  sidphate  of  barium  is 
filtered  off,  washed,  weighed,  incinerated,  and  calculated  for  sulphm-ic 
acid. 

It  is  said  that  the  salt  used  in  bread-making  may  contain  a  little 
alumina,  but  we  have  not  found  this  to  be  the  case  usually,  and  if 
present  at  all  the  quantity  is  generally  extremely  minute. 

On  the  detection  of  sulphate  of  copper. — For  the  detection  of  copper 
in  bread  the  processes  described  under  the  heads  of  '  Bottled  Fruits 
and  "^^egetables '  and  '  Picldes  '  shoidd  be  followed. 

Ferrocyanide  of  potassiiUn  is  a  very  delicate  test  for  copper  in 
bread.  If  the  bread  be  moistened  with  a  solution  of  that  salt,  it  will, 
it  is  said,  assmne  a  pink  tinge,  more  or  less  deep  according  to  the 
quantity  present.  It  is  stated  that  one  part  of  copper  may  thus  be 
detected  in  9,000  parts  of  bread. 

For  the  detection  of  copper  in  the  ash,  from  200  to  300  grammes  of 
bread  should  be  incinerated. 
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CHAPTER  XIII. 
0AT3IEAL  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Arlmi-xture  with  any  flour  or  farina  other  than  that  of  oats,  with  any  foreien 
vegttSiror  n'iuelrr^itter,  or  an  undue  proportion  of  the  husk  of  the  oat  or 
of  other  grain. 

Oatmeai,  as  its  name  implies,  consists  of  the  farina  or  meal  of  the 

"""^ThrcomSon  and  properties  of  this  cereal _  grain  have  already 
been  described  nnder  the  article  'Flour,'  as  also  its  minute  sti-.ictm-e, 
which  will  be  foimd  represented  m  tigs.  /9  and  8U 

Analyses  of  oats  will  be  foimd  at  pp.  298  and  299. 

From  the  analyses  given  it  appears  that  oatmeal  is  a  highly  nututive 
article  of  diet,  richer  than  even  wheat  floiu-  in  oily  and  mtrogenous 

There  are  several  varieties  or  qualities  of  oatmeal :  one  of  these  is 
Robin 'on's  Patent  Groats  :  this  consists  of  the  tinest  parts  of  the  flour 
S  the  oat  all  husk  and  the  outer  and  harder  parts  of  he  gram  l^e^^^. 
removed ;  another  variety  is  called  '  round  oatmeal ; '  it  consists  ot 
throats  deprived  of  husk  and  ground  into  a  rery  coarse  powder 
TMs  description  varies  a  good  deal,  the  outer  sm-face  of  the  oats 
Snded  fm  the  better  sorts  being  rubbed  oft"  by  attrition  between 

'^T'the  preparation  of  fine  oatmeal  there  is  a  go^def  f  jfase 
matter  amounting  generally  to  about  one  fom-th  or  fifth  of  the  entire 
bi?k  of  tTe  iats  f  his  is  composed  K.f  a  portion  of  husk,  J  ^/jt^^^^ 
mi  ch  silex  and  the  outer  part  of  the  gi-aiu,  containing  a  little  starch 
mucli  siiex,  ana  ^  this  is  usually  mixed  up  with 

J^e  ™ol-tsctipTifnro?  oatmeal,  especially  that  supplied  to 

""'Sstirthe  quaHty  of  oatmeal  depends  very  greatly  upon  that  of  the 
oat  from  which  the  meal  is  prepared. 

THE  ADTTI-TEKATIONS  OF  OATMEAI. 

T..  1 1  T,n-P^lTr  1-,P  ^iinnosed  that  sufiicieut  inducement  exists  for 
.be  «5h"'o?.nS.  like  o«l ;  it  .pi..»,  Loweve,,  th.t 
this  supposition  is  not  correct. 
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Of  thirty  samples  of  oatmeal  submitted  to  examination  some  time 
since,  sixteen,  or  rather  more  than  one-half,  were  found  to  he  adulterated 
with  large  quantities  of  Barley  Meal.  But  oatmeal  frequently  suffers 
deterioration  in  other  ways  besides  by  admixtm-e  witli  barley  flour. 
One  of  these  consists  in  adding  to  it  the  investing  membranes,  or  hush, 
of  the  oat,  barley,  and  xoheat,  technically  termed  '  rubble '  and  '  sharps,' 
and  which  are  rejected  in  the  preparation  of  the  pm-er  sorts  of  oat- 
meal, grits  and  groats,  Scotch  and  pearl  barley. 

A  very  great  diflerence  exists  between  the  prices  of  oats  and  barley, 
the  latter  costing  usually  only  about  one-half  the  former.  The  induce- 
ment, therefore,  to  adidterate  oatmeal  is  very  great. 

The  following-  information,  furnished  us  some  years  since  by  a  cor- 
respondent on  whom  we  can  rely,  shows  this  article  to  be  subject  to 
systematic  adulteration.    He  wi-ites :  — 

'  Since  yom-  able  analyses  have  taken  place  it  has  struck  me  that 
I  may  be  able  to  give  you  a  little  information  as  to  an  article  of  food 
which  is  adulterated  to  a  most  aioful  extent — viz.,  oatmeal.  I  will 
fli'st  mention  oatmeal  as  sent  into  xvorhhouses,  jvisons,  and  charitable 
institutions,  which  are  generally  taken  at  contract  prices.    I  enclose 

one  for  the  parish  of  for  1848,  where  I  find  the  oatmeal  was  taken 

at  14s.  per  cwt.  by  ;  and  by  reference  to  my  stock-book,  I  find 

the  market  price  was  17s.  6d.  per  cwt. ;  thus  the  oatmeal  was  reduced 
3s.  Qd.,  and  then  left  an  excellent  profit.  Well,  at  that  time  I  was 
ti'ying  for  aU  the  contracts  in  Loudon,  and  could  not  succeed,  my 
pnces  being  generally  about  4s.  dearer  than  anyone's  else ;  this  was 
a  mystei-y  to  me.  By  accident  I  found  out  oatmeal  was  adulterated 
with  barley  flour,  which  is  bought  at  about  7s.  per  cwt ;  this  being 
mixed  with  the  oatmeal,  of  com-se  reduced  the  price.  I  then,  being 
as  wise  as  my  competitors,  tried,  and  have  served  the  above  work- 
house since. 

'  Now,  the  fault  lies  here.  If  the  workhouses  were  to  take  the 
contracts  at  a  percentage  on  market  value,  then  they  would  get  good 
oatmeal ;  but  they  always  cut  doim  the  price,  and  thus  get  an  adulte- 
rated article. 

'  You  will  see  the  prices  are  14s.,  15s.  Qd.,  16s.,  and  17s. ;  thus  if  a 
man  wants  to  be  honest  with  them,  they  will  not  let  him.  I  have  again 
and  again  wished  to  supply  at  a  percentage  on  market  value ;  the 
answer  I  get  is,  "  Well,  we  are  very  well  satisfied,  and  have  no  com- 
plaints." ' 

We  were  ourselves  at  some  pains  to  verify  the  statements  made 
above,  and  for  that  purpose  procm-ed  samples  of  oatmeal  as  supplied  to 
some  of  our  unions  and  chaiitable  institutions  ;  these,  without  excep- 
tion, we  found  on  examination  to  be  largely  adulterated  with  barley 
meal,  as  described. 

Other  adulterations  of  oatmeal  are,  according  to  Professor  Calvert, 
with  7-ice  and  maize.  He  stated,  in  his  evidence,  already  referred  to 
elsewhere  : — '  I  have  found  oatmeal,  generally  speaking,  in  fact  always. 
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mixed  with  rice  and  maize.  The  effect  is  this— it  makes  less  porridge  ; 
in  other  words,  it  is  a  direct  loss  to  the  ratepayers,  because  the  cook  in 
the  workhouse  must  use  a  larger  proportion  of  this  adulterated  oatmeal 
to  make  a  certain  quantity  of  porridge,  than  if  it  is  pure  oatmeal.' 

The  following  evidence  was  fiu-nished  to  the  Committee  on  Adul- 
teration, in  1855,  by  Mr.  Mackenzie,  of  Glasgow,  the  editor  of  '  The 
Reformer's  Gazette/  in  regard  to  the  adulteration  of  oatmeal : — 

'  Some  few  years  ago,  when  great  destitution  prevailed  in  the  West 
of  Scotland,  especiallv  in  the  Highlands,  a  large  smn  of  money, 
amounting  to  50,000/." or  60,000?.,  was  devoted  to  furnishing  provisions, 
including  oatmeal,  to  the  Highlanders.  At  that  period  information 
was  given  me  that  a  very  large  quantity  of  that  oatmeal  was  adul- 
terated in  the  gi-ossest  manner :  a  letter  was  sent  to  me,  wliich  I  thought 
it  my  duty  to  publish,  and  the  contractor  who  fui-nished  the  meal  re- 
ferred to  "in  that  letter  threatened  me  with  an  action  of  damages. 
The  case  was  tried,  and  the  conteactor  found  guilty,  and  adjudged  to 
imprisonment  for  three  months,  and  to  pay  a  fine  of  SOOl.  The  oat- 
meal was  mixed  with  bran  and  thirds,  the  common  food  for  horses  ; 
thu-ds  being  the  refuse  and  shell  of  the  wheat. 

'  To  my  amazement,'  continues  Mr.  Mackenzie, '  the  accused  brought 
forward  some  of  the  principal  millers  in  Glasgow  to  swear  that  it  was 
quite  a  common  practice  (in  fact,  one  of  the  "usages")  of  the  ti-ade. 

The  adulteration  of  oatmeal  is  not  merely  important  in  a  pecuniary, 
but  is  of  some  consequence  in  a  sanitai7  point  of  view. 

The  properties  of  oatmeal  are  thus  described  in  Peveira's  Materia 
Medica : '— '  Oatmeal  is  an  important  and  valuable  article  of  food. 
With  the  exception  of  maize  or  Indian  corn,  it  is  richer  in  oily  and  fatty 
matter  than  any  of  the  other  cultivated  cereal  gi-ams,  and  its  propor- 
tion of  protein  compounds  exceeds  that  of  the  finest  English  wheateu 
flour.  So  that  both  with  respect  to  its  heat  and  fat  making,  and  its 
flesh  and  blood  making  principles,  it  holds  a  high  rank.' 

In  the  same  work  we  meet  with  the  foUowing  accoimt  ot  bm-lei/ 
meal  as  an  article  of  diet Barley  is  a  valuable  nutiitive.  Con- 
sidered in  relation  to  wheat,  it  oflers  several  peculiarities.  In  the  first 
place,  it  contains  much  less  protein  matter ;  in  other  words,  less  ot  the 
flesh  and  blood  mating  principle  ;  though  Count  Rmnford  considered 
barley  meal  in  soup  three  or  fom-  times  as  nutritious  as  wheat  flour. 
Secondly,  its  starch  off-ers  more  resistance  to  the  action  of  the  o^astric 
iuice,  in  consequence  of  its  more  difficult  solubility  m  water.  Thirdly, 
its  husk  is  slightly  acrid,  and  therefore  this  should  be  removed  from 
barley  intended  for  dietetical  pm-poses,  as  m  Scotch  and  pearl  barlej. 
Eomihlv,  barley  meal  is  more  laxative  than  wheat  meal. 

Contesting  the  two,  it  appears  that  oatmeal  possesses  considerable 
dietetic  advantages  o\er  barley  meal. 

It  ma,v  be  in  the  recollection  of  some  of  our  readers  that  at  tlie 
inquest  held  by  the  late  Mr.  Wakley  on  the  bodies  of  some  of  the  poor 
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children  who  fell  victims  in  the  pest-house  at  Tooting,  the  fact  trans- 
pired that  the  oatmeal,  which  formed  so  considerable  a  part  of  their 
food,  was  extensively  adulterated  with  harley  meal. 

THE  DETECTION  OF  THE  ADUITEEATIONS  OF  OATMEAL. 

The  principal  adulterations  of  oatmeal,  as  already  noticed,  are  those 
with  the  refuse  matter  of  oats,  of  harley,  and  even  wheat,  termed 
'  rubble'  and  '  sharps,'  and  with  barley  meal  and  rice  and  maize  flom's  ; 
these  adulterations  may  be  detected  vrithout,  in  most  cases,  any  con- 
siderable ditficulty. 

On  the  detection  of  'rubble.^ — An  admixture  of  rubble  may  be 
suspected  when  the  sample  presents  a  branny  appearance,  in  conse- 
quence of  the  presence  of  numerous  particles  of  husk  or  bran,  as  well 
as  of  the  outer  yellow  portion  of  the  grain.  In  order,  however,  to 
ensm:e  certainty  it  is  necessary  to  resort  to  chemistry  and  the  micro- 
scope. A  portion  of  the  article  may  be  analysed  quantitatively  for 
silicic  acid  ;  the  ash  of  about  10  grammes  must  be  boiled  with  dilute 
hydrochloric  acid,  and  evaporated  to  dimness ;  the  residue  is  again 
taken  up  with  hydi-ochloric  acid.  This  will  dissolve  all  but  the  silica, 
which  must  be  washed,  ignited,  and  weighed. 

Of  coiu'se  the  percentage  of  silica  in  rubble  is  very  much  higher 
than  it  is  in  the  whole  grain. 

In  those  cases  in  which  the  rubble  of  harley  meal  has  been  used  the 
starch  gi-anules  of  that  cereal  may  be  readily  detected  by  means  of  the 
microscope,  as  also  portions  of  the  investing  membranes,  the  structures 
of  which,  so  different  fi-om  those  of  oat,  are  described  at  p.  294,  and 
figm-ed  at  p.  291. 

In  like  manner,  the  microscope  furnishes  the  means  of  discovering 
the  presence  of  luheat  rubble  or  sharps  in  oatmeal.  The  starch  granules 
of  wheat  and  barley  so  nearly  resemble  each  other,  that  when  mixed 
together  it  is  impossible  to  distinguish  the  one  from  the  other ;  the 
investing  membranes  of  the  grain  of  wheat,  described  and  figured  at 
pp.  287  and  288,  are,  however,  so  different  from  those  of  barley,  that 
they  afford  a  certain  means  of  discrimination. 

On  the  detection  of  barley  meal. — The  microscope  affords  the  only 
means  by  which  this  adulteration  can  be  discovered.  The  starch 
granules  of  oat  and  barley  have  already  been  described  and  figures 
of  them  given  ;  the  differences  are  so  great,  that  a  momentary  glance 
with  the  microscope  is  aU  that  is  necessary  to  enable  the  observer  to 
distinguish  genuine  oatmeal  from  that  adulterated  with  barley  meal  or 
wheat  fiom-.  The  starch  granules  of  the  oat  are  small,  angular,  and 
frequently  aggregated  into  compound  bodies  of  a  rounded  form,  while 
those  of  barley  are  much  larger,  round,  and  flat.  But  the-  main  dis- 
tinction is  furnished  by  the  diflerences  in  the  structui-e  of  the  investing 
membranes  comprising  the  husk. 

It  is  very  possible,  however,  to  mistake  the  starch  granules  of  wheat 
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for  those  of  barley  ;  but  wlieat  flour  is  rarely  used  in  tlie  adulteration 
of  oatmeal ;  this  error  may  be  avoided  by  a  careful  examination  of  the 
portions  of  testte  met  with,  the  structure  of  which  in  wheat,  barley, 
and  oat  is  so  very  different,  as  will  appear  from  an  examination  of  the 
descriptions  and  figures  given  under  the  article  'Flour.' 


Fig,  109. 


OATMEAL  adulterated  with  barley  meal.   Magnified  225  diameterB. 

On  the  detection  of  rice  and  maize.-These  adulterations  may  be 
promptly  discovered  by  means  of  the  microscope.  (See  hg.  84,  p.  »U«, 
and  fig.  81,  p.  302.) 
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CHAPTER  XIV. 
ARROWROOT  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  other  starch  or  farina  than  that  indicated  by  the  name  under  which  it 
is  sold,  or  anj'  added  vegetable  or  mineral  substance.  Arrowroot  should  be  dis- 
tinguished rather  by  the  name  of  the  plant  from  which  it  is  derived  than  by 
that  of  the  locality  in  which  it  is  grown.  Mixtures  of  more  than  one  kind  of 
arrowroot  to  be  sold  as  mixtures. 

The  term  '  arrowroot '  was  originally  applied  to  the  rhizome  or  root 
of  Marnnta  wundinacea,  in  consequence  of  its  supposed  efficacy  in 
coimteracting  the  effects  of  wounds  inflicted  by  poisoned  arrows. 

Of  late  years  the  signification  of  the  term  has  been  much  extended, 
and  it  is  now  employed  to  designate  almost  every  fecula  which  bears 
any  resemblance  to  true  or  Maranta  arrowroot,  no  matter  how  dissimilar 
the  plants  may  be  from  which  it  is  obtained. 

Attending  this  enlarged  use  of  the  word  arrowroot  are  certain  dis- 
advantages. Many  persons  consider  that  aU  arrowroots  constitute  one 
and  the  same  article,  varying  only  in  quality,  and  according  to  the 
place  from  which  they  are  procured  ;  while  but  few  persons  are  aware 
that  there  are  several  distinct  kinds  of  arrowroot,  the  produce  of  dif- 
ferent plants,  great  uncertainty  and  confusion  being  thus  created. 

To  increase  this  confusion,  the  word  '  genuine  '  is  often  prefixed  to 
the  term  '  arrowroot,'  and  as  there  are  several  kinds  of  arrowroot,  so 
must  there  be  several  genuine  arrowroots.  These  vaiy  in  value^from  a 
few  pence  to  two  or  three  shillings  the  pound — fi'om,  in  fact,  the  value 
of  genuine  Maranta  aiTowroot  to  that  of  genuine  potato  aiTowroot. 
With  these  particulars  the  public  at  large  are  but  ill  acquainted. 

The  difficulty  and  confusion  are  still  fiu-ther  enhanced  by  applying 
to  the  aiTowroot,  as  is  generally  done,  the  name  of  the  place  from 
which  it  is  obtained ;  thus  we  have  genuine  West  Indian,  Jamaica, 
Demerara,  Bermuda,  St.  Vincent,  East  Indian,  Brazilian,  African, 
Guinea,  Sierra  Leone,  Portland,  British,  and  a  variety  of  other 
arrowroots.  Some  persons  suppose  that  each  of  these  names  repre- 
sents a  different  kind  of  aiTowroot ;  others  imagine  that  they  all  in- 
dicate one  and  the  same  production ;  while  the  fact  is,  that  in  some 
cases,  as  in  that  of  East  India  ari'owroot,  one  name  may  be  indiscri- 
minately applied  to  two  distinct  Irinds  of  arrowroot,  and  in  others,  six 
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or  eight  names  all  signify  but  a  single  kind  or  species,  as  is  the  case 
with  West  India  arrowroot.  This  great  variety  of  names  is  objection- 
able, not  merely  because  it  tends  to  confuse  the  public,  but  because  it 
offers  to  the  fi'audident  great  facilities  for  adulteration  and  imposition, 
of  which,  as  we  shall  see  hereafter,  they  have  not  failed  to  avail  them- 
selves. 

The  remedy  for  this  state  of  things  is  simple ;  each  really  distinct 
arrowi-oot,  that  is,  every  arrowi-oot  which  is  the  product  of  a  distinct 
plant,  should  be  designated  by  the  name  of  the  species  from  which  it 
is  derived,  as  Maranta,  Cui'cuma,  Tacca,  Manihot,  Ai-um,  Potato 
Arrowroot,  &c. 

The  employment  of  these  terms  should  not  be  optional,  but  com- 
imlsory,  for  the  better  protection  of  the  public  against  fraud  in  this 
article  of  food.  The  propriety  of  this  suggestion  will  become  still 
more  evident  as  we  proceed. 

We  shall  now  describe  each  kind  of  an-owroot  separately,  observing 
of  them  all,  that  when  pm-e  they  are  non-nitrogenised  substances,  and 
therefore  adapted  to  the  formation  of  the  fat  of  the  body,  and  to  the 
maintenance  of  respii-ation  and  temperatm-e. 


MAEANTA  AEEOWEOOT. 

Maranta  arrowroot  is  obtained  from  the  rhizomes  of  Maranta  arun- 
dinacea,  one  of  the  familj  oi  the  Marantncece. 

A  rhizome  is  an  undergroimd  jointed  stem  placed  horizontaUy  in 
the  earth,  o-i\-ing  off  from  its  upper  sm-face  branches,  and  froui  the 
lower  radicles  or  roots ;  the  starch  or  fecula  is  contained  in  the  joints 
of  the  rhizome,  being  deposited  in  innimierable  mmute  cells.      _  _ 

The  foUowing  account  of  its  preparation  is  given  by  Dr.  Pereu-a  in 

his  '  Materia  Medica ' : —  „        ,  ■.     ^  i 

'  The  starch,  or  fecula,  is  extracted  from  the  roots  (tubers),  when 
these  are  about  ten  or  twelve  months  old.  The  process  is  entirely  a 
mechanical  one,  and  is  performed  either  by  hand  or  by  machine. 

'In  Jamaica  it  is  prociu'ed  as  follows:— The  tubers  are  dug  up, 
wen  washed  in  water,  and  then  beaten  in  larg^,  deep,  wooden  mortai-s 
to  a  pulp.  This  is  thi-own  into  a  large  tub  of  clean  water  Ihe 
whole  is  then  well  sth-red,  and  the  fibrous  part  wrong  out  by  the 
hands  and  thrown  away.  The  milky  liquor  being  passed  through  a 
hair  sieve,  or  coarse  cloth,  is  suffered  to  settle,  and  the  clear  water  s 
drained  off.  At  the  bottom  of  the  vessel  is  a  white  mass,  which  is 
again  mixed  with  clean  water,  and  cfrained ;  lastly,  the  mass  is  diied 
on  sheets  in  the  sun,  and  is  pm-e  starch. 

'  In  Bermuda  the  roots  are  first  deprived  of  their  paper-like  scales 
and  then  rasped  by  a  kind  of  wheel  rasp,  and  the  fecula  well  washed 

through  sieves  and  carefully  dried,  .  a*,  v         +1,..  ,>nrp 

'  Upon  the  Hopewell  estate,  m  tlie  island  of  St.  Vincent,  the  caie- 
fuUy  skinned  tubers  are  washed,  then  gTOund  in  a  mill,  and  the  pulp 
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■washed  in  tinned  copper  cylindrical  washing--machines.  Tlie  fecula 
is  subsequently  dried  in  diying  houses.  In  order  to  obtain  the  fecula 
free  from  inipiu-ity  pure  water  must  be  used,  and  great  care  and 
attention  paid  in  every  step  of  the  process.  The  skinning  or  peelino- 
of  the  tubers  must  be  performed  with  great  nicety,  as  the  cuticle  con- 
tains a  resinous  matter,  which  imparts  colom*  and  a  disagreeable  flavour 
to  the  starch.  German  silver  palettes  are  used  for  skimming  the 
deposited  fecula,  and  shovels  of  the  same  metal  for  packing  the  dried 
fecula.  Th  drying  is  effected  in  pans  covered  by  white  gauze,  to 
exclude  dust  and  insects.' 


Fig.  110. 


Starch  grannies  of  Maranta  arrowroot,  called  commonly  West  India  arrowroot. 
Drawn  with  the  Camera  Lucida,  and  magnified  240  diameters. 

The  root  furnishes,  according  to  Benzon,  about  26  per  cent,  of 
starch. 

Pui-e  and  unadulterated  Maranta  arrowroot  should  be  of  a  dull  and 
opaque  white  colour,  crepitating  or  crackling  when  pressed  between 
the  fingers,  and  treated  with  about  twice  its  weight  of  concentrated 
hydrochloric  acid  it  should  yield  an  opaque  paste. 

The  above  characters  and  appearances  may  all,  however,  be  assumed 
by  certain  of  the  other  arrowroots ;  the  microscope,  therefore,  affords 
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the  only  ready  and  certain  means  of  distinguishing  this  aiTOvvroot  from 
all  other  species,  and  these  again  from  each  other. 

Characters  of  the  starch  cor^mscfes.— Examined  with  that  instru- 
ment the  graniiles  or  particles  of  Maranta  arrowroot  are  found  to  he 
usually  more  or  less  oblong  and  ovate,  hut  sometimes  they  are  mussel- 
shaped  or  even  almost  triangular ;  they  vary  considerably  in  size,  but 
each  of  the  larger  granules  is  marhed  by  a  number  of  delicate  concen- 
tric lines ;  at  the  broad  or  large  extremity  of  each  a  distinct  spot  is 
visible,  ordinarily  considered  to  be  a  cavity,  and  denominated  the 
'  hilum ; '  this  spot  is  sometimes  chcular,  but  most  frequently  it  is  seen 
as  a  short,  sharp  line,  running  transversely  across  the  gi-anule ;  it  fur- 
nishes a  most  distinctive  featiu-e  by  which  Maranta  arrowroot  may  be 
at  all  times  very  readily  identified  (fig.  110). 

When  boiling  water  is  added  to  Maranta  or  any  other  arrowroot, 
its  physical  condition  undergoes  a  great  and  sm-prising  alteration,  the 
natm-e  of  which  may  be  clearly  traced  by  means  of  the  microscope.  A 
tablespoonful  of  arrowroot,  on  which  a  pint  of  boiling  water  is  pom-ed, 
iimnediately  loses  its  whiteness  and  opacity,  becomes  transparent,  and 
the  entire  of  the  water  is  as  it  were  converted  into  a  thick  and  jelly- 
like substance.  If  a  little  of  this  be  diffused  through  cold  water,  and 
examined  with  the  microscope,  it  will  be  seen  that  the  starch  granules 
are  altered  amazingly  :<  they  have  increased  to  twenty  or  thirty  times 
theb  original  volume  ;  they  are  more  or  less  rounded  ;  the  coucenti'ic 
lines  and  the  hilimi  are  obliterated ;  the  membrane  of  each  granule  is 
ruptm'ed,  and  a  gi-anular  matter  has  escaped  from  its  interior. 

The  appellations  which  have  been  bestowed  upon  Maranta  arrow- 
root are  very  numerous ;  then-  use  ought  to  be  wholly  discontinued, 
for  the  reasons  already  assigned:  thus  it  is  sometimes  called _V\  est 
India  arrowi-oot,  Jamaica,  Demerara,  Bermuda,  Berbice,  St.  Vincent 
arrowi-oot,  &c.  The  impropriety  of  denominating  it  AA^est  India 
arrowroot  is  shown  by  the  circumstance  that  the  Maranta  plant  is 
cultivated  in  the  East  as  well  as  in  the  AVest  Indies. 

CANNA,  OE  T0TT8  LES  MOIS  AEROWROOT. 

Canna  edulis,  the  plant  from  the  tubers  of  which  the  starch  kmown 
as  Tom  les  Moisia  obtained,  belongs  to  the  natural  order  Marantacecs, 
which  includes  Maranta  arundinacea,  or  AN^est  India  aiTowroot. 

The  starch  is  obtained  much  in  the  same  manner  as  that  ot  the  other 
arrowroots;  that  is,  the  tubers  are  rasped,  and  the  fecula  separated 
from  the  pidp  bv  washing,  straining,  decantation  of  the  supernatant 
liquor,  and  desiccation  of  the  deposited  starch.  It  is  miported  from 
St  Kitts 

■  "  The  ielly  yielded  by  it  is  said  to  be  more  tenacious,  but  less  clear 
and  translucent,  than  that  of  other  arrowroots. 

Owin^  to  their  large  size,  the  starch  granules  exhibit  a  ghstenmg  or 
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satiny  appearance ;  they  clifFer  from  other  dietetic  starches  not  only 
in  their  much  greater  dimensions,  but  in  certain  other  particulars. 

Characters  of  the  starch  corpuscles. — ;The  granules  or  corpuscles  are 
nearly  all  very  large,  flat,  broad,  but  ovate ;  sometimes,  like  those  of 
East  India  arrowi-oot,  pointed  at  the  narrow  end.  The  hilmn  is 
situated  in  the  narrow  extremity  of  the  granule,  and  the  rino's  are 
exceedingly  fine,  regidar,  and  crowded  (fig.  111).  ° 

The  only  starch  with  which  they  are  at  all  likely  to  be  confounded 
is  that  of  the  potato  ;  the  granules  are,  however,  larger,  of  a  different 
shape,  being  flat,  and  the  strise  are  much  more  regular  and  numerous. 


Fig.  111. 


Carina,  or  Toiis  les  Mois  arrowroot.    Magnified  225  diameters. 


Viewed  by  polarised  light  the  crosses  are  more  regular  than  in  potato 
starch, 

CTTRCTTMA  AEROWEOOT. 

Curcuma  arrowroot  is  obtained  from  the  tubers  of  Curcuma  angus- 
tifolin,  one  of  the  family  of  the  Zingiber acecB. 

The  mode  of  its  preparation  does  not  differ  materially  from  that 
practised  in  obtaining  the  fecida  from  the  tubers  of  Maranta  arun- 
dinacea,  and  which  has  already  been  described. 
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Two  qualities  of  Curcuma  arrowroot  are  imported  into  this  country 
from  the  East  Indies,  principally  from  Calcutta,  a  white  and  a  brown 

^^"rhe  white  is  the  hest ;  the  powder,  when  pressed  between  the 
fino'ers  feels  less  firm,  and  does  not  crepitate  to  the  same  extent  as 
Mai-anta  arrowi-oot ;  the  two  species  can,  however,  be  distinguished 
fi-om  each  other  only  with  certainty  by  means  of  the  microscope. 

Characters  of  the  starch  corpuscles.—Ex&mmaA  with  that  instru- 
ment, the  granules  appear  elongated,  and  are  irregularly  ovate ;  being 
flat  they  present  but  little  lateral  shading  ;  the  lines  which  mark  the 


Fig.  112. 


C.HC™.™.00t,— ^^^^ 


Drawn 


A  fncTmpf*  mg,  seen  on\he  surf»e,  of  ft,  granule. 
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Ciu'cuma  arrowroot  is  commonly  called  East  India  arrowroot  the 
same  name  being  sometimes  applied  to  Marauta  arrowroot  cultivated  in 
the  East,  and  Sent  to  this  coimtry ;  we  have  thus  two  distinct  species 
of  arrowroot,  of  diifei'ent  qualities  and  value,  confounded  to<rether 
under  one  name.  " 

TACCA  AEKOWEOOT. 

Tacca  an'owroot  is  obtained  from  the  tubers  of  Tacca  oceunica  a 
.native  of  the  South  Sea  Islands,  after  the  chief  of  which,  Tahiti  or 
Otaheite,  it  is  usually  designated. 


Fig.  113. 


Tacca  arrowroot,  called  usually  Tahiti  or  Otaheite  arrowroot.   Drawn  with 
the  Camera  Lucida,  and  magnified  220  diameters. 

According  to  Ellis,'  it  grows  on  the  high  sandy  bants  near  the 
sea,  or  on  the  sides  of  the  lower  mountains. 

In  Pereira's  '  Elements  of  Materia  Medica '  the  following  account 
18  given  of  the  preparation  of  the  fecula :— '  At  Tahiti  this  is  procured 
by  washing  the  tubers,  scraping  off  their  outer  sldn,  and  then  reducing 
them  to  a  pulp  by  friction  on  a  kind  of  rasp,  made  by  winding  coarse 

'  '  Polynesian  Researchea.' 
B  S 
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twiue  (formed  of  the  cocoa-nut  fibre)  regularly  roimd  a  board.'  The 
pulp  is  washed  with  sea  water  through  a  sieve,  made  of  the  hhrous  web 
which  protects  the  young  frond  of  the  cocoa-nut  pahn.  The  stramed 
liquor  is  received  in  a  wooden  troxigh,  in  which  thefecula  is  deposited  ; 
and  the  supernatant  liquor  being  poured  off,  the  sedmient  is  formed 
into  balls,  which  are  dried  in  the  sun  for  twelve  or  twenty-four  hours, 
then  broken  and  reduced  to  powder,  which  is  spread  out  m  the  sun 

*°  "racca  arrowi-oot  is  a  white,  starch-like  powder,  having  a  slightly 

mustv  odour.  ^,  ,  -ui  „ 

Characters  of  the  starch  coi-jmscles.— The  granules  resemble  some- 
what those  of  sago  meal,  but  are  very  much  smaller ;  when  viewed 
sidewavs,  they  are  muller-shaped,  with  truncate  or  dihedral  bases, 
and  wheA  seen  endways  they  appear  circular,  and  occasionally  angular 
or  polyhedral.  The  rings  are  few  and  indistinct,  and  the  hilum  cir- 
cular sometimes  fissiu-ed  in  a  stellate  manner  (fig.  113).  _ 

Tacca  arrowroot  was  sold  in  London  for  some  years,  m  packages, 
as  'arrowi-oot  prepared  by  the  native  converts  of  the  missionary 
stations  in  the  South  Sea  Islands.'  It  is  sometimes  spoken  of  as 
'  Williams's  arrowroot,'  after  the  missionary  of  that  name. 

The  slio-htly  musty  odom-  which  it  usually  possesses  shows  that  it 
is  not  in  general  prepared  with  quite  the  same  amount  of  care  as  is 
bestowed  on  Maranta  arrowi'oot. 

JIAiTIHOT  AREOWKOOT. 
The  flour  or  farina  of  Manihot  utilissima,  the  plant  which  yields 
'  tapioca,'  is  sometimes  imported  into  this  country  under  the  name  ot 

'  Brazilian  aiTOWi-oot.'  x  x    xi    r     io  „f  +i-,;ci 

To  the  application  of  the  word  arrowroot  to  the  fecula  ot  this 
plant  there  exists  no  objection,  since  it  resembles  closely  the  other 

arrowroots  in  its  properties.   

X«7.oi«<*i/«,the  Cassava  or  tapioca  plant  and  the  mannei 
in  which  the  fecula  is  first  obtained,  and  subsequentlj^  converted  in^^o 
the  substance  called  tapioca,  will  be  found  described  m  the  repoit 

"'^"aaZTs'of  the  starch  cor jn^cles. -Manihot  airowi-oot,  Hke  the 
other  Snd  llre^dy  described,  may  be  distingiushed  by  the  size,  form^ 
and  othei  characters  of  its  constituent  granules,  which  resemble  some- 
what closely  those  of  Tacca  arrowroot,  but  are  considerably  smaller, 
'with  a  ai'er  proportion  of  gi-anvdes,  which  exhibit  a  circular  outline, 
Is  seen  inle^eld  of  the  microscope:  the  hilvun  is  usually  fissured 
(fig.  119). 

1  Ellis  states  that  the  rind  of  the  root  is  scraped  off  by  a  co.vrie  shell,  and 
the  root  then  grated  on  a  piece  of  coral. 
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POTATO  ARKOWROOT. 
Potato  flour,  or  arrowroot,  sometimes  called  British  or  English 
an-owroot,  is  prepared  by  rasping  and  gi'inding  the  weU-clea'nsed 
tubers  of  Solcm  um  tuberosum  into  a  pulp.  This  is  repeatedly  washed 
and  the  water  strained  through  a  sieve,  which  contains  the  cellular 
tissue,  and  allows  the  starch  to  pass  through.  After  a  time  the  starch 
is  deposited  at  the  bottom  of  the  vessel,  is  again  weU  washed,  and 
finally  dried. 

Fig.  114. 


Potato  arrowroot,  commonly  called  British  arrowroot.   Drawn  with  the 
Camera  Lnoida,  and  magnified  220  diameters. 

Potato  Starch  forms  a  white  and  somewhat  glistening  powder, 
which  crackles  like  genuine  Maranta  arrowroot  when  pressed  between 
the  nngers. 

_  Characters  of  the  starch  coi-jmscles— The  granules  vary  greatly  in 
size  and  shape :  some  are  veiy  small  and  circular,  others  large,  ovate, 
or  oyster-shaped.  The  larger  gTanides  exliibit  numerous  very  distinct 
concentnc  rings,  and  the  hilura,  which  is  small,  but  well  defined,  is 
situated  m  the  narrow  extremity  of  each  granule :  not  unfrequently 
granules  may  be  observed  of  an  oval  form,  divided  by  a  fine  line  into 
two  portions  or  segments,  each  of  which  is  provided  with  a  hilum 
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We  have  noticed  the  same  compound  granule  in  some  of  the  other 
arrowi-oots,  particularly  the  Tacca  species.  _ 

The  o-ranules  of  potato  an-owi-oot  differ  from  those  of  the  previously 
described  starches  in  their  larger  size,  in  their  form,  and  lu  the  number 
and  distinctness  of  the  concentric  rings  which  each  granule  presents 

to  view  (fig.  114).  ,        1    J.         •  1,  J 

No  means  exist  by  which  potato  aiTOwroot  may  be  distmgiushed 
so  satisfactorily  as  by  the  microscope  ;  yet  it  is  proper  to  state,  it  has 
been  observed  that  this  substance  is  acted  upon  by  certain  reagents 
in  a  manner  different  from  Maranta  arrowroot.  Mixed  with  twice  its 
weio-ht  of  concentrated  hydrochloric  acid,  Maranta  arrowi-oot  yields 
an  opaque  paste ;  whereas  that  formed  with  potato  arrowroot  is  trans- 
parent and  ielly-like.  When  boiled  with  water  and  sulphuric  acid 
the  latter  evolves  a  peculiar  and  somewhat  disagi-eeable  odour,  which 
is  not  the  case  with  the  former  when  treated  in  the  same  manner 
Lastly,  alcohol  extracts  from  potato  flour  an  acrid  oil,  not  contained 
in  the  fecula  of  the  Maranta  plant.        „   „  ,     ^    ,  a^a  c,. 

Potato  arrowroot  is  the  cheapest  of  aU  the  starches  regarded  as 
arrowi-oots,  the  retail  price  vaiying  from  4d.  to  G^.  per  ^ouni  Al- 
thouo-h  a  cheap  and  useful  article  of  diet,  it  is  of  course  inferior  to 
Maranta  arrowroot,  the  inferiority  beinp-  in  part  due  to  the  want  ot 
sufficient  care  and  nicety  in  its  preparation. 

MAIZE  AEBOWEOOT. 

A  very  exceUent  arrowroot  is  largely  prepared  from  Zea  mais,  and 
sold  under  the  name  of  cornflour  (fig.  81). 

BICE  ABBOWROOT. 

Another  description  of  arrowroot  which  has  recently  come  much 
into  use  is  prepared  from  rice,  Oriza  sativa,  and  sold  under  the  name  ot 
rice  flotirf  It  i  largely  manufactured  by  Messrs.  J.  and  J.  Golman 
(fig.  84). 

ABtrai  ABROWBOOT. 

Arum  arrowroot  is  procured  fi^m  the  t^^^^^^ /J, ^f^"  J'jf^^^^^^^^ 
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those  of  Tacca  arrowi-oot ;  but  this  diflerence  is  sufficiently  constant  and 
considerable  to  ensiu'S  the  ready  identification  of  the  two  kinds 
(tig.  115). 

Strictly  speaking,  the  word  arrowroot  may  be  applied  to  every 
piu-e  starch,  that  is,  every  article  consisting  only  of  starch  the  produce 
of  one  plant.  Now  pure  starch  may  be  obtained  from  nearly  any 
grain  or  plants  containing  starch  in  considerable  amount,  as  from  loheat, 
rye,  &c. ;  hence  we  may  have  arrowi'oot  procured  from  each  of  the 
grains  named  as  well  as  a  variety  of  others. 

Fig.  115. 


Ahum  arrowroot,  commonly  called  '  Portland  arrowroot.'   Drawn  with  the 
Camera  Lucida,  and  magnified  240  diameters. 

THE  ADtriTERATIONS  OP  AEROWKOOT. 

The  adulterations  to  which  aiTowroot  is  subject  consist,  first,  in 
the  mixing  together  of  an'owroots  of  diflerent  kinds  and  of  difl'erent 
commercial  value ;  and,  second,  in  the  admixture  with  genuine  arrow- 
root of  other  starches  not  usually  recognised  as  arrowroot,  and  of 
low  price ;  occasionally  starches  not  ari'owroots  are  substituted  for 
arrowroot. 

The  adulterations  of  an-owroot  are  usually  practised  at  home.  From 
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evidence  kindly  furnished  us  by  Mr.  Day,  of  Old  Cavendish  Street, 
it  appears,  however,  that  not  unfrequently  it  is  mixed  with  inferior 
starches,  as  those  of  potato  and  sago,  in  the  West  Indies. 

Results  of  the  examination  of  samples.— 0{  Jiftj/  samples  of  arrow- 
root subjected  to  microscopical  examination,  no  less  than  twenty-two 
were  adulterated.  .     ,  .     ,      , „ 

In  sixteen  samples  the  adulteration  consisted  m  the  addition  ot  a 
sino-le  article,  much  cheaper  in  price,  and  very  inferior  m  qua,lity,  to 
genuine  arrowroot,  this,  in  ten  instances,  being  potato  flour  \  m  live, 
sago  meal ;  and  in  one  case  tapioca  starch. 

In  flve  samples  it  consisted  in  the  employment  of  two  dillerent 
articles,  potato  flour  and  sago  meal.  .  , 

In  two  instances  three  different  starches  were  employed  m  the  adul- 
teration—viz., potato  flour,  sago  meal,  and  tapioca  starch  or  fecula. 

Ten  of  the  arrowroots  contained  scarcely  a  2Mrticle  of  genuine 
Maranta  or  West  Indian  arrotvroot,  for  which  they  were  sold.  0??e 
consisted  almost  entirelv  of  sago  meal;  tiVo  oi  piotato  flour  and 
saqo  meal ;  tico  of  iwtato  flour,  sago  meal,  and  tapioca  starch  ;  one  ot 
tainoca  starch ;  and  four  were  composed  entirely  of  potato  arrowroot 
or  starch. 

THE  DETECTION  01'  THE  ADTILTERATIONS  OF  AEEOWROOT. 

The  adulterations  practised  upon  arrowroot  are  all  of  them  readily 
discoverable  by  means  of  the  microscope.  ,     .  v 

The  structm-e  and  characters  of  potato  starch  have  ah-eady  been 
described  and  ligm-ed  at  p.  371 ;  those  of  sago  are  so  at  p.  376,  and 
of  tapioca  at  p.  379.  The  granules  of  sago  starch  are  of  consideralDle 
size  either  ovate  or  more  usually  somewhat  muller-shaped,  rounded  at 
one' extremity,  the  other  being  truncated  or  else  terminating  in  a 
dihedi-al  summit;  the  hilum  is  placed  in  the  larger  and  rounded  part 
of  the  granide,  is  usually  surrounded  by  a  distinct  nng,  and  is  circulai-, 
cracldng  frequently  in  a  radiate  manner  (fig.  116).  ^    ,  . 

The  strono- inducement  which  exists  to  substitute  potato  starch  and 
sao-o  meal  foi-  the  better  descriptions  of  arrowroot  will  be  evident 
when  it  is  known  that  these  starches  may  be  pm-chased  wholesale  at 
something  like  2d.  per  lb.,  while  as  much  as  2s.  6d.  ^nd^^^/- Jf^ 
is  charged  for  the  articles  so  often  falsely  denominated  West  India 
arrowroot. 
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CHAPTER  XV. 
SAGO  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  other  starch  or  farina  than  that  of  the  sago  plant,  or  any  added  vegetable 

or  mineral  substances. 

The  farinaceous  substance  known  as  sago  is  obtained  from  the  pitli 
of  the  stems  of  several  kinds  of  pahn,  as  tlie  following : — Saxjus  rumphii, 
S.  farinifera,  S.  raphia,  S.  laevis,  and  S.  (jenuina.  These  palms  grow  in 
the  islands  of  the  Indian  Archipelago,  Madagascar,  and  New  Guinea. 

Sago  is  also  obtained  from  Cycas  circinalis  and  Cycas  revolvia, 
which  grow  in  China  and  Japan.  It  is  thus  prepared : — The  pith  is 
stiiTed  up  with  water  on  sieves.  The  starch  is  thus  washed  out,  and, 
subsiding  from  the  water,  is  collected,  partially  dried,  gi-anulated  by 
being  passed  through  sieves,  and  finally  dried  either  in  the  air,  or  in 
ovens  at  a  temperature  of  60°  C,  whereby  the  starch  granules  become 
altered  in  form,  and  the  gi-ains  are  rendered  somewhat  translucent. 
The  specific  gravity  of  sago  varies  from  0"670  to  0"776. 

Sago  is  prepared  in  the  forms  of  i-mo  sago  meal,  sago  Jlour,  and 
several  kinds  of  granulated  sago,  as  tvhite,  red,  broim  red,  brown,  and 
2)earl  sago. 

Raw  sago  meal  is  procured  in  the  Moluccas  as  follows : — When 
sufficiently  matm-e  the  ti'ee  is  cut  down  near  the  root,  divided  into 
pieces  six  or  seven  feet  long,  each  of  which  is  split  down  the  middle ; 
the  pith  is  then  extracted,  and,  with  an  instrument  of  bamboo  or  hard 
wood,  is  reduced  to  powder  like  sawdust ;  it  is  mixed  with  water,  and 
the  mixture  strained  through  a  sieve  which  retains  the  cellular  tissue 
of  the  pith.  The  strained  liquor  contains  the  farina,  which,  after  being 
deposited,  is  washed  once  or  twice,  and  is  then  fit  for  use. 

Sago  fiour  is  prepared  from  sago  meal  by  repeated  sifting  and 
washing ;  it  is  also  usually  bleached  by  means  of  chloride  of  lime. 

In  the  countries  in  which  sago  pabns  are  produced  the  pith  is  eaten, 
and  in  some  cases,  as  with  the  inhabitants  of  the  Moluccas,  it  consti- 
tutes their  staff  of  life. 

Ciuiracters  of  the  starch  corpuscles. — The  farina  or  starch  of  sago, 
examined  with  the  microscope,  is  seen  to  consist  of  granules  of  con- 
siderable size  and  elongated  form,  being  usually  rounded  at  one  end 
which  is  the  larger,  and,  owing  to  the  mutual  pressure  of  the  particles, 
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tnmcate  at  the  other  extremity ;  the  hilum,  when  perfect,  is  circular ; 
but  it  is  often  cracked,  when  it  appears  as  a  slit,  cross,  or  star. 
Siu-rouuding  the  hilum,  a  few  indistinct  rings  may  usually  perceived 
in  some  of  the  granules.  Examined  with  the  polariscope,  the  par- 
ticles usually  exhibit  a  black  cross,  the  hiliun  being  the  centre  (fig. 
116). 

THE  ADTTLTEKATIONS  OP  SAGO. 

The  principal  adulteration  of  sago  floiu-  and  of  granulated  sago  is 
with  potato  starch.  Frequently  a  factitious  sago  prepared  from  potato 
starch  is  substituted  for  true  sago. 


Fig. 


Sago  Stanh.  Magnified  225  diameters. 


Pereira  has  the  following  remarks  in  relation  to  factitious  sago  :— 
'  This  is  prepared  in  both  Germany  and  in  France,  at  Gentilly  near 
Paris,  with  potato  starch.    It  occurs  both  white  and  colom'ed. 

I  have  two  Idnds  of  white  factitious  sago,  one  small  gi-amed,  the 
grains  of  which  are  scarcely  so  large  as  white  mustard  seeds ;  the 
other  laro-e  grained,  the  grains  of  which  are  intermediate  m  size  be- 
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tween  wliite  mustard  seeds  and  coriander  sSeds.  The  first  I  met 
with  in  English  commerce ;  for  the  other  I  am  indebted  to  Professor 
Guiboiu-t. 

*  I  have  also  two  kinds  of  colom-ed  factitious  sago,  both  large 
grained ;  one  red/  the  other  brownish/^  and  somewhat  resembling 
brownish  pearl  sago.' 

Pereii-a  also  states  that  he  received  from  Prof.  Guibourt  samples 
of  '  Sagou  des  Maldives  de  Planche,  donu(5  par  lui,'  and  '  Sagou  de  la 
Nouvelle  Guinee,  donne  par  lui/  and  that  he  foimd  them  to  be  facti- 
tious sages  prepared  from  potato  starch.  The  gxains  of  the  New  Guinea 
sago  were  bright  red  on  one  side  and  whitish  on  the  other. 

Hesults  of  the  examinatimi  of  sain2)les. — Of  thirty  samples  of  granu- 


Fig.  117. 


lated  sago  submitted  to  examination,  j(?ye  were  found  to  be  factitious, 
and  to  consist  of  potato  flour. 

'  '  This  is  perhaps  the  kind  mentioned  by  Planche,  as  being  falsified  sago 
coloured  with  cocliineal.' 

-  'This  is  perhaps  the  brown  sort  of  German  sago  made  from  potato  starch, 
and  said  by  Dierbach  to  be  coloured  with  burnt  sugar.' 
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THE  DETECTION  OF  THE  ADTJX.TERATI0N8  OF  SAGO. 

The  microscope  can  alone  detect  the  adulterations  of  sago  floui-  and 
granulated  sago,  and  especially  can  distinguish  factitious  from  genuine 
sago.  The  characters  of  sago  starch  have  already  been  described  and 
iigm-ed,  as  also  have  those  of  potato,  at  p.  371 ;  in  granulated  sago, 
whether  true  or  false,  the  granides  are  of  coiu-se  much  altered  (fig.  117j  ; 
those  of  potato  are  swollen,  irregular  in  shape,  sometimes  ruptured, 
and  the  strise  effaced,  &c.  (fig.  118). 


Fig.  118. 


Factilious  sago,  composed  of  potato  flour.   Magnified  225  diameters. 
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CHAPTER  XVI . 
TAPIOCA  AND  ITS  ADULTERATIONS. 

•  DEFINITION  OF  ADULTERATION. 

Any  other  starch  or  farina  than  that  of  Tapioca,  or  any  added,  vegetable  or 
mineral  substances. 

The  articles  Imown  as  Cassava  meal  and  bread,  Cassava,  Tapioca, 
or  Brazilian  arrowi'oot  and  Tapioca,  are  obtained  from  difi'erent  species 

Fig.  119.  ' 


Starch  grannies  of  MAJtmoT  dtxlissima,  or  Tapioca.   Magnified  225  diameters. 

of  the  genus  Manihot,  one  of  the  Uujihorbiacece.  One  of  these  is 
M.  utilisnrna,  the  bitter  Cassava,  a  native  of  the  Brazils,  where,  as  well 
as  in  other  parts  of  South  America,  it  is  cultivated. 
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The  starch  is  associated  in  the  large  tuterous  root  with  a  poisonous 
milky  juice  containing  hydrocyanic  acid  and  a  bitter  acrid  principle. 

Another  species  is  Manihot  Aipi,  or  sweet  Cassava,  the  juice  of  the 
root  of  which  is  not  poisonous. 

A  third  species  is  M.  Janipha,  the  root  of  which  is  also  devoid  of 
poisonous  properties. 

Cassava  meal  is  prepared  as  well  from  the  bitter  or  poisonous  species 
as  the  sweet  and  innocuous :  the  root  is  grated,  and  the  pidpy  mass 
subjected  to  pressure  in  bags  under  water  to  get  rid  of  the  juice ;  the 
residue  is  spread  out  on  iron  plates  in  layers  of  one  or  two  inches  in 


Fig.  120.  • 


starch  granules  of  Tapioca,  altered  by  the  heat  employed  in  its  preparation. 
Magnified  225  diameters. 

thickness,  and  is  dried  into  cakes,  when,  after  being  pounded,  it  con- 
stitutes Cassava  meal,  and  of  this  the  bread  is  made. 

The  expressed  juice  deposits  after  a  time  the  farina  or  starch,  which 
in  this  state  is  caUed  tainoca  meal,&n^  this,  after  being  dried  upon  hot 
plates,  constitutes  granular  tainoca. 

Characters  of  the  starch  corpuscles.— Eyismmed.  under  the  micro- 
scope, the  granules  are  seen  to  be  of  small  size,  for  the  most  part  single, 
but  sometimes  and  in  the  plant  itself  always  united  into  compoivua 
gi-ains,  each  composed  of  two,  three,  or  foiu-  granules.   Hence,  like 
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those  of  sago,  they  are  usually  miiller-sbaped,  althoup^h  when  seen 
endways  they  appear  circular  ;  the  hilum  is  distinct.  No  diiferences 
have  been  observed  in  the  characters  of  the  starch  of  bitter  and  sweet 
Cassava. 

Manihot  an-owroot  is  usually  imported  into  this  country  from  Hio 
de  Janeiro. 

The  farina  or  starch  deposited  from  the  milky  fluid,  after  being 
carefully  washed  and  dried  without  the  employment  of  heat,  constitutes 
Manihot  or  JBraziiian  arroivroot.  In  the  manufactm'e  of  tapioca,  the 
meal  while  moist  is  heated  and  then  di"ied  on  hot  plates  ;  this  treat- 
ment, of  course,  causes  the  starch  gi-anules  to  swell,  and  many  of  them 
to  burst  j  they  at  the  same  time  adhere  together  in  small  in-egular 
masses. 

THE  ADTTLTERATIONS  OP  TAPIOCA. 

Manihot  aiTowi'oot  or  starch  is  occasionally  adulterated  by  admix- 
ture with  other  starches,  as  those  of  safjo  and  potato. 

Results  of  the  examination  of  samples. — Of  twenty-three  samples  of 
tapioca  examined,  two  were  ascertained  to  consist  of  sago,  and  one  of 
potato  starch. 

Manihot  starch  is  more  frequently  used  as  an  adulterant,  especially 
of  Maranta  arrowroot,  than  it  is  itself  adulterated. 

THE  DETECTIOIT  01"  THE  ADTJITEKATIONS  OP  TAPIOCA. 

The  only  means  of  detecting  the  adulterations  of  Manihot  arrow- 
root, and  of  tapioca,  is  furnished  by  the  microscope  ;  with  that  insti-u- 
ment  their  detection  is  rendered  easy  and  certain.  The  characters  of 
sago  starch  aro  described  and  figured  at  p.  376,  and  those  of  potato 
starch  at  p.  371. 
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CHAPTER  XVII. 

PROPniETARY  ALIMENTARY  PREPARATIONS. 

The  articles  referred  to  under  the  above  head  being  proprietary, 
and  there  being  no  recognised  receipts  or  formularies  for  their  com- 
position, thev  do  not  properly  come  vmder  the  head  of  articles  of  con- 
sumption liable  to  adulteration.  Nevertheless,  the  public  will  doubt- 
less be  glad  to  be  made  acquainted  with  the  composition  of  the  chief 
of  these  articles,  especially  those  which  are  described  as  being  possessed 
of  almost  miraculous  powers  of  cm-ing  disease,  and  which  are  sold 
under  certain  high-sounding  names,  and  some  of  them  at  exorbitant 
prices.  Until  the  microscope  Avas  applied  by  ourselves  to_  the  discri- 
mination of  different  vegetable  substances,  it  was  not  possible  to  have 
determined,  by  any  known  means,  the  composition  of  many  of  the  pre- 
parations about  to  be  noticed.  _  _  _ 
The  following  examinations  were  made  some  years  since,  and  it  is 
probable  that  some  of  the  preparations  named  are  no  more  to  be  met 
with : — 

Ermlenta.    Sold  at  2s.  M.  per  lb. 

A  sample  of  this  article,  examined,  consisted  of  a  mixture  of  the 
French  or  Gei-man  lentil,  with  a  substance  resembling  viaize,  or  Indian 

com  meal.  n  n  ,  -r-v   •  wrv  > 

It  has  been  stated  that  the  farina  of  a  gi-ass  called  Dan,  Um-ra, 
&c.  has  been  discovered  in  either  Ervalenta  or  Revalenta,. 

We  have  succeeded  in  procm-ing  a  sample  of  this  article,  and  find 
it  to  resemble  verv  closely  maize  in  structure. 

'  Dari '  is  occasionally  unported  into  this  counti-y,  and  sold  at  about 
twenty-fom-  shillings  per  quarter,  that  is,  at  the  rate  of  rather  more 
than  one  halfpenny  per  poimd.  _  ,      ,    ,  .  , 

We  received  from  Dr.  Pereira,  some  tune  previous  to  his  decease, 
the  following  information  respecting '  Durra.'  -r,       c  • 

'  Dari  I  suspect  means  Durra,  also  spelt  Doura,  Dora,  &c.  It  is 
a  corn  used  by  the  Arabs,  and  is  cultivated  in  the  south  of  Em-ope. 
It  is  the  Holcus  Durra  sativus  of  Forskal,  the  Sorghum  vulgare  of  some 

other  writers.  ,       „^  xt  j 

'  Its  meal  is  said  to  resemble  that  of  Indian  corn.  Now,  it  deserves 
notice,  that  a  German  microscopist  recently  stated  that  he  found  the 
meal  of  Indian  corn  in  ervalenta,  or  revalenta,  I  forget  which.  Did  he 
mistake  it  for  the  Sorghum  ?  ' 
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For  description  and  figure  of  Dun-a,  see  p.  328,  and  fig.  101. 

Revalmita.    Sold  at  the  same  rate  as  the  Ervalenta. 

Three  samples  of  this  article  were  examined:  one  consisted  of  amix- 
tiu-e  of  the  red  or  Arabian  lentil  and  barley  fiour  ;  the  second,  of  the 
same  ingi-edients  mixed  with  sugar ;  and  the  third  sample  consisted  of 
the  Arabian  lentil  and  harley  floiu-,  with  the  addition  of  saline  matter, 
chiefly  salt ;  it  also  possessed  a  peculiar  taste,  as  though  flavoured  with 
celery  seed. 

Butler  S)-  M'CullocKs  Prepared  Lentil  Powder,  Is.  6d.  per  lb.,  was 
foimd  to  consist  entkely  of  the  French  or  German  lentil. 

Arabian  Revalenta,  Is.  per  lb.,  was  ascertained  to  consist  of  lentil 
pozvder,  probably  of  the  yellow  and  red  lentil  mixed. 

Patent  Flour  of  Lentils,  Is.  per  lb.  Two  samples  of  this  article 
were  examined :  one  consisted  of  the  7-ed  lentil  and  juheat  flour,  and 
the  other  of  the  same  species  of  lentil  and  barley  fiour. 

Lentils  belong  to  the  natiu-al  family  of  plants,  Leguminosce,  which 
includes  the  several  kinds  of  beans  and  peas ;  they  resemble,  to  a  very 
great  extent,  in  colom-,  structure,  taste,  and  properties,  the  common 
pea ;  so  great,  indeed,  is  the  similarity  in  organisation,  that  it  is  difli- 
cult  to  disciiminate  between  them,  even  by  the  aid  of  the  microscope. 

Lentils,  peas,  beans,  &c.,  all  contain  a  considerable  amount  of  nitro- 
genised  matter,  in  the  form  of  Legumin.  • 

The  composition  of  peas,  beans,  and  lentils  is  exhibited  in  the 
following  tables : — 


Poggiale. 

Poggiale. 

Air-dried  and  shelved 

Air-dried  common  white 

green  Peas. 

field  Beans 

Water  

12-7 

19-3 

Starch,  dextrin,  and  sugar  . 

57-7 

45-4 

Legumin  .... 

21-7 

22-8 

Fatty  matter 

1-9 

2-7 

Cfllulose  .... 

8-2 

6-2 

Mineral  matter 

2-8 

3-6 

100-0 

100-0 

Lentil.  (Fregenius.) 


Water   14-0 

Starch   35-5 

Gum   7-0 

Sugar   1-5 

Legumin   26-0 

Fat   2-6 

Cellulose,  Pectin,  &c   12-0 

Mineral  matter   2-5 


100-0 
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Wlien  taken  as  an  article  of  diet,  lentils,  peas,  and  teans  are  found 
by  most  to  be  somewhat  difficult  of  digestion,  to  occasion  distension 
and  flatulency,  and  to  be  sliglitly  aperient.  These  properties  and  effects 
are  so  similar  in  the  case  of  each,  that  it  is  almost  mipossible  to  draw 
any  decided  line  of  demarcation  between  them. 

The  admixtiu-e  of  barley  and  other  flours  with  lentil  powder  is  not 
to  be  regarded  in  the  light  of  an  adulteration,  since  the  cost  of  barley 
flom-  exceeds  that  of  the  lentil. 

The  object  of  this  mixture  is  chiefly  to  diminish  the  strong 
flavour  of  the  lentils,  which  is  so  disagreeable  to  many. 


Fig.  121. 


Sample  of  Ehvalekta,  as  it  appears  under  the  microscope. 

a  a,  starch  corpuscles  of  the  French  leotil  ;  b  b,  fT^.g™^*!,  °* 
starch  granules  and  masses  of  the  substance  resembling  Indian  corn  meal. 

Exti-emes  meet :  lentils,  being  somewhat  cheaper  than  peas,  are 
supplied  to  many  of  om-  workhouses,  to  be  used  m  the  V^^^^I^^^^Z 
Boup,  &c.  Thus  they  are  not  only  consumed  by  paupers,  but  by  the 
rich,  the  chief  diff-erence  being  that  the  latter  frequently  pay  2s.  9d. 

rt  tsl'oTmost  of  the  prepared  lentil  powde.-s,  soU  a.  Erva- 
lenta,  Revalenta,  &c.  forms  a  very  serious  obstacle  to  their  use,  sup- 
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posing  that  iu  any  res23ect  it  is  desirable  tliat  they  should  be  more 
•generally  consumed,  we  have  framed  the  two  following  receipts 
whereby  a  considerable  saving  of  expense  may  be  efl'ected  :—  ' 

1st  Receipt. 

Eed  or  Arabian  lentil  flour       ...      2  lbs.  * 

Barley  flour  1  lb. 

Salt    .  3  oz. 

Mix  into  a  uniform  powder. 

Fig.  122. 


Sample  of  Eevalenta  Ahabica. 
a  a,  starch  gramiles  of  the  Arabian  lentil,  some  loose,  others  lying  in  the  cells 
of  the  cellulose  ;  b  b,  starch  granules  of  bahlet  flouh. 

The  red  lentil  may  be  obtained  of  almost  every  corn-chandler,  at 
about  4(1 .  per  quart :  the  cost  of  a  pound  of  our  Ervalenta  would  be 
about  2d.  per  pound ;  and  it  is  perfectly  clear,  from  the  analyses 
which  we  have  given  above,  that  whatever  may  be  the  advantages 
possessed  by  tlie  much-vaunted  Ervalentas,  Eevalentas,  &c.,  our  article 
must  contain  them  all. 

2nd  Receipt. 

Pea  flour  2  lbs. 

Indian  com  flour  1  lb. 

Salt  3  oz. 

Mix  as  before. 
C  C 
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Being  satisfied  that  lentils  and  peas  do  not  differ  m  their  pro- 
perties to  any  ai-eat  extent,  we  have  devised  the  above  receipt  to  meet 
those  cases  in  which  any  difficulty  may  he  met  with  in  procuring  the 
red  lentil,  which,  however,  is  now  very  commonly  kept  by  corn 

'^^^Thr characters  of  lentil  flour,  and  the  composition  of  Ervalenta, 
Revalenta,  and  of  Leath's  Alimentaiy  Farina,  are  exhibited  in  the 
ensravinss  (figs.  122  and  123).  , 

From  the  several  preparations  of  lentil  flour  noticed,  we  will  pass 
on  to  describe  certain  other 

FABINACEOirS  POODS. 

Gardiner's  Alimentary  Preparation  consisted  of  very  finely  ground 


rice. 


Fig.  123. 


LEATB'S  ALIMEKTABT  FARIKA,  OR  HOMCEOPATHIC  FARINACEOUS  FOOD 

a  a,  starch  granules  of  Whkat;       starch  -P-cles  of  Potato  ;  c  c,  d.tto  of 
Indian  corn  meai  ;  d  d,  cutto  ot  iapiui-a. 

Teath's  Alimentary  Farina,  or  Homoeopathic  Farinaceous  Food,  con- 
sisted  SncfpS?;  of  iUeatfour,  slightly  baked,  sweetened  with  suffar, 
togethl  wit^h;,o^«/o  starch,  Indian  corn  ^"^f'^fj"^^'"^^^^^^  ^th 

Semolina  consists  in  some  cases  of  the  gluten  of  wheat  mixea  witn 
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a  proportion  of  wheat  fiom- ;  in  others,  of  certain  descriptions  of  wheat 
tloiu'  only,  rich  in  gluten. 

Bullock's  Semola  consisted  of  the  ghiten  of  wheat -with,  a  proportion 
of  tvheat  starch. 

Prince  Arthur's  Farinaceous  Food  was  composed  entirely  of  baked 
reheat  Jluur. 

The  Prince  of  Wales's  Food  was  composed  entireh'  of  potato 
Jlour. 

Hards'  Farinaceous  Flour,  of  ivheat  four,  baked. 

3Iaidmans  Nutritious  Farina  consisted  entirely  of  2^otato  Jlour 
artificially  coloiu-ed  of  a  pinlt  or  rosy  tint,  the-  colom-ing  matter  hein^^ 
prohahly  rose  pink.  ° 

Praden's  Farinaceous  Food  consisted  of  wheat  Jlour,  baked. 

Paster  s  Soojie  was  composed  of  loheat  Jluur,  sweetened  with  sur/ar. 

Paster's  Compounded  Farina  possessed  a  similar  composition.  ' 

Jones's  Pate7it  Flour  consisted  of  wheat  Jlour,  tartaric  acid,  and 
cai'bonate  of  soda. 

Plumbe's  Improved  Farinaceous  Food  was  composed  of  bean  or  «e« 
f  our,  with  a  little  Tacca  arrovrroot,  some  potato  flour,  and  a  very  little 
Mar  ant  a  arroxoroot. 

Lastly,  Palmei-'s  Vitaroborant  consisted  of  a  mixture,  sweetened 
with  sugar,  of  the  red  or  Arabian  lentil  and  wheat  fcyur. 

The  public  are  now  in  a  position  to  judge  of  the  degi-ee  of  relation 
which  exists  between  the  high-soimding  titles  bestowed  on  many  of 
the  preparations  noticed  in  this  report,  their  actual  composition,  and 
the  properties,  so  loudly  vaunted,  alleged  to  be  possessed  by  them ; 
they  will  also  be  able  to  judge  somewhat  of  the  extent  to  which  the 
pocket  is  made  to  sufier  thi-ough  these  health-restoring,  life-pro- 
longing, easily  digestible  articles  and  compounds. 


I 


THE  DETECTION  OF  THE  COMPOSITIOIf  OP  PEOPEIETAET 
ALIMENTARY  PEEPAKATIONS. 


In  the  majority  of  cases  the  only  means  by  which  the  composition 
of  these  articles  is  to  be  detei-mined  is  afforded  by  the  microscope. 
By  this  instrument  the  starches  of  the  several  floui-s  and  an-owroots 
of  which  they  are  composed  can  all  be  identified.  The  characters  of 
nearly  all  these  have  already  been  described  and  figui-ed. 


t 
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CHAPTER  X7III. 
MILK  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

In  Milk  -Any  foreign  animal,  vegetable,  or  mineral  Bubstance,  or  added 
fattj-  matter. 

Mttk  is  an  opaque,  white,  yellowish  white,  or  bluish  white  bland  and 
Sly  swee? Vid,  haVing  in  general  an  alkaline  reaction  and  a 

'^^^^l  ittrSnf  for  some  time  a  sti-atuni  of  a  more 

or  kss  YeUow  colour  collects  on  the  surface   the  poiM^on  below 

the  casein,  which  carries  down  ^f.^J^jr^L  milk  the  comersion 
tion  of  an  acid. 

COMPOSITION  OP  MILK. 
r.f  orr,fpr  holdino-  in  solution  casein,  albumen,  and 

™iWe,  as  well  '"^'"nf  ™'  "3  "SZlia  or  fu«,i  ire  sometimes 
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to  the  presence  of  a  -vibrio,  wliieh  he  has  denominated  Vihno  cyano- 
yeneus,  but  Bailleiil  ascribes  it  to  a  byssus. 

Skim-milk,  butter-milk,  cream,  butter,  cm-ds-and-whey,  cream- 
cheese,  and  ordinary  cheese,  are  mere  modifications  of  milk,  difl'ering 
only  from  each  other  either  in  the  abstraction  of  one  or  more  of  its 
constituents,  or  else  iu  the  variations  of  their  proportions. 

Skim-milk. — The  hi'st  of  these  (sldm-milk)  dili'ers  from  ordinary 
milk  in  containing  a  less  quantity  of  fatty  matter,  a  portion  of  this 
having  been  removed  as  cream ;  it  still,  however,  contains  nearly  all 
the  cheese,  the  sugar  of  milk,  some  butter,  and  the  salts  of  milk ;  it  is 
therefore  scarcely  less  nutritious  than  new  milk,  but,  in  consequence  of 
the  diminished  amount  of  fatty  matter,  is  less  adapted  to  the  develop- 
ment of  fat,  and  to  the  maintenance  of  respiration  and  the  temperature 
of  the  body.  In  some  cases  where  fatty  matter  is  found  to  disagree, 
and  where,  in  consequence,  milk  in  its  usual  state  cannot  be  taken 
without  inconvenience,  slrim-milk  may  be  substituted  with  advantage. 

Butter-milk.— This  is  the  liquid  which  remains  after  the  operation 
of  chm-ning,  and  it  approaches  sldm-milk  in  its  composition,  but  con- 
tains even  a  smaller  quantity  of  fat ;  as  an  article  of  diet  for  poor 
persons,  it  has  the  recommendation  of  cheapness. 

Potatoes  and  butter-milk,  as  is  well  known,  taken  together,  form  a 
very  considerable  portion  of  the  diet  of  the  peasantry  of  Ireland  :  the 
butter-mUk  constitutes  an  essential  part  of  such  a  diet,  it  supplying 
the  nitrogenised  matter  necessary  for  the  growth  of  the  body,  and  of 
which  the  potatoes  themselves  are  comparatively  deficient. 

Cream. — In  contradistinction  to  these,  cream  consists  almost  en- 
tirely of  the  fat,  with  a  variable  quantity  of  the  water,  sugar,  and 
casein  of  milk. 

Butter  differs  but  little  from  cream,  but  the  fatty  matter  is  altered 
in  its  condition.  The  fat  globules,  in  place  of  being  free,  are  united 
together  so  as  to  form  a  semi-solid  substance.  It  contains  much  less 
water  than  cream,  but  retains  some  casein,  with  a  very  small  quantity 
of  lactose. 

Curds-and-ioJiey. — Curds-and-whey  are  made  up  of  all  the  elements 
of  milk,  but  the  form  in  which  they  exist  is  altered ;  the  casein  is 
thi'own  down  by  rennet,  or  by  the  addition  of  an  acid,  as  acetic  acid, 
and,  in  its  descent,  it  carries  with  it  the  gi-eater  part  of  the  butter, 
the  two  together  forming  the  curd  ;  while  the  whey,  or  serum,  consists 
almost  entii-ely  of  water,  the  sugar,  and  the  salts. 

Credtn-cheese. — Cream-cheese  consists  of  the  moist  curd  (that  is,  of 
the  cheese  and  butter),  the  gi'eater  part  of  the  senmj,  or  whey,  being 
removed  by  slight  pressure. 

Ordinary  cheese. — Ordinary  cheese  contains  little  or  much  butter, 
according  as  it  is  made  from  skim  or  Irom  whole  miUi ;  the  casein  is 
precipitated  by  rennet  in  the  usual  manner,  and  subjected  to  gi'eat 
pressure  in  moulds.  Annatto  is  frequently  added  to  heighten  its  colour, 
and  the  cheese  is  kept  until  it  becomes  more  or  less  ripe. 
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The  relative  proportions  of  the  different  constituents  of  cow's  milk, 
especially  the  fatt>'  matter,  are  subject  to  very  great  variation:  the 
ao-e  of  the  cow,  the  time  after  calving,  food,  temperature,  weather, 
and  the  time  and  frequency  of  milking,  all  occasion  considerate 

differences.  .,,  .     ,  ,  ^  t 

The  constituents  of  cow's  milk  m  the  normal  state,  accordmg  to 
MM.  0.  ITenrie  and  Chevalier,  are  as  follow  :— 

Casein  4-48 

Butter  

Sugar  of  milk  

Salts,  various  "'^^ 

Water  8r02 

100-00 

Total  solids  l"^-'*^ 

The  foUovdng  is  the  mean  of  ten  analyses  of  pm-e  milk  by  Professor 
Poggiale : — 


Water 


862-8 


Butter  4^"§ 

Sugar  of  milk  f^"' 

Caseiu  

Salts   ^ 

1000-0 

Total  solids  

Taking  aU  the  reliable  analyses  of  cows'  and  human  milk  we  have 
met  with,  we  find  their  average  composition  to  be  as  stated  below:— 

Cow.  Human. 


Water 
Sugar 
Casein 
Fat  . 

Mineral  matter . 


86-83 
4-53 
4-14 
3-93 
0-67 


88-35 
4-37 
3-15 
3-87 
0-26 


Total  soUds      .      .      13-17  11-65 

Casein  which  is  the  chief  nitrogenised  constituent  of  milk,  is  said 
to  ex  St  in  two  forms,  as  soluble  and  imoluble  casein,  but  it  is  very 
ouest  onaUe  whether  there  is  any  essential  difterence  between  the  two 
S  and  it  appears  to  be  highly  probable  that  the  former  owes  its 

-fet^=i:noJ^:^^^dt^?s^ 

absSXhol  is  completely  insoluble  in  water.  Casem  is  precipitated 
t  aU  acir  except  the  cai^onic,  it  being  redissolyed  m  an  excess  of 
acid    SraUcFds  precipitate  casein  from  its  acetic  acid  solution. 
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The  spontaneous  coagulation  of  milk  is  due,  as  already  noticed,  to 
the  decomposition  of  the  milk  sugar  and  the  formation  of  lactic  acid. 
The  acid  neutralises  the  alkali  by  which  the  casein  was  dissolved,  thus 
reducing  it  to  the  insoluble  condition. 

Casein  contains  the  same  amoimt  of  nitrogen,  namely,  15'8  per  cent., 
as  do  the  other  albuminoids.  It  contains  about  1  per  cent,  of  sulphur, 
and  is  said  to  be  intimately  combined  with  pliosphate  of  lime. 

Coagulated  casein  is  I'eadily  soluble  in  the  caustic  alkalies  ;  when 
boiled  with  a  solution  of  potash,  sulphide  of  potassium  is  formed. 
Fused  with  potash,  ammonia  is  fii'st  evolved  and  then  hydrogen,  with 
the  formation  of  tjTOsin,  leucin,  valerate,  butyrate  and  oxalate  of 
potash,  also  with  a  salt  the  acid  of  which  is  volatile  and  possesses  an 
excrementitious  odour. 

Casein  neutralises  the  alliali  of  weak  solutions.  It  dissolves  in  a 
solution  of  phosphate  of  soda,  also  neutralising  it.  It  is  likewise 
soluble  in  solutions  of  the  alkaline  carbonates,  chloride  of  sodium 
and  chloride  of  ammonimn.  These  solutions  are  not  coagulated  by 
heat,  but  become  gi-adually  covered  with  a  film  which'is  insoluble  in 
dilute  acids  and  aUvalies,  the  film  which  forms  on  milk  when  it  is 
boUed,  having,  it  is  said,  the  same  origin  and  properties. 

Solutions  of  casein  are  precipitated  by  earthy  and  metallic  salts. 
Insoluble  compounds  are  obtained  by  boiling  casein  with  the  carbonates 
of  lime  and  laarium. 

It  was  formerly  believed  that  the  coagulation  of  milk  by  rennet 
was  due  to  the  animal  matter  contained  iu  it  acting  as  a  ferment,  and 
■thus  bringing  about  the  conversion  of  the  milk  sugar  into  lactic  acid, 
milk  thus  coagulated  always  exhibiting  an  acid  reaction.  It  has  since 
been  shown,  however,  that  milk  may  be  coagulated  by  rennet,  when  its 
solution  is  rendered  alkaline,  the  milk  stiU  remaining  alkaline  after  the 
coagulation. 

Moist  casein  soon  imdergoes  putrefaction,  yielding  sulphide  and 
carbonate  of  ammonia,  which  dissolve  a  portion  of  the  undecomposed 
casein.  It  also  furnishes  butyric  and  valeric  acids,  an  oily  body  having 
a  highly  disagreeable  odom-,  and,  according  to  Bopp,  a  crystalline  body 
possessing  a  powerful  smell. 

When  casein  undergoes  putrefaction  -without  access  of  air,  it  yields 
acetic,  butyric,  valeric  and  capric  acids,  as  also  ammonia. 

According  to  the  analyses  of  Clemm,  Haidlen,  Vernois,  and  Bec- 
querel,  the  casein  of  human  milk  varies  from  2-7  to  3-924,  while, 
according  to  Boussingault,  Playfair,  Vernois,  and  Becquerel,  that  of  the 
cow  varies  from  3-0  to  5-52  per  cent. 

When  milk  is  introduced  into  the  stomach  the  casein  is  coagulated 
by  the  acids  of  the  gastric  juice  before  it  is  digested. 

Milk  contains,  besides  casein,  a  second  nitrogenous  substance, 
namely,  albumen,  and,  according  to  Millon,  even  a  third,  lacto-protein. 
If  the  milk,  after  the  removal  of  the  casein  by  as  small  a  quantity  of 
acetic  acid  as  will  answer  the  purpose,  be  boiled,  the  albumen  will  be 


392 


MILK  AND  ITS  ADULTERATIONS. 


thrown  down  and  may  he  separated  by  filtration.  Heinsius  found  1-5 
percent,  of  albumen  in  cow's  milk,  after  the  precipitation  of  the  casein 
by  acetic  acid  and  boilmg.  It  was  formerly  believed  that  the  scmn 
which  forms  when  milk  is  boiled  was  composed  of  albumen,  but  from 
observations  since  made,  this  scum  would  appear  to  consist,  as  already 
noticed,  of  casein  in  a  modified  form. 

Milk  sugar,  lactin,  or  lactose,  G,„Il^fiu,  ^^elongs  to  the  group  of 
fermentable  sugars.  It  crystaUises  in  hemihedral,  tnmeti-ic  crystals  j  it 
is  less  sweet  and  not  as  readily  fermentable  as  cane  sugar.  It  dissolves  in 
from  5  to  6  parts  of  cold  water  and  in  2^  parts  at  the  boihng  teinpera- 
tiu'e.  A  solution,  satm-ated  at  10°  0.,  has  a  specific  gravity  of  l-05_5  and 
contains  14-55  per  cent,  of  crystaUised  milk  sugar,  which  contains  in 
this  state  1  molecule  of  water,  which  it  retains  up  to  O. 

The  aqueous  solution  is  dextrorotatory,  turning  the  plane  oi  polari- 
sation, according  to  Berthelot  at  59-3  and  to  Biot  at  60-2b  degi-ees. 

Lactose  is  insoluble  in  alcohol  and  ether,  but  soluble  in  aqueous 
solutions  of  acetic  acid.  .  n  „v„„ 

It  forms  compounds  with  potash,  soda  and  ammonia,  the  alkaline 
earths,  and  with  oxide  of  lead. 

When  heated  to  160°  C.  it  turns  brown,  and  at  1/5  0. it  is  conveited 
into  Zac^o-cflmmeZ  with  loss  of  water.  ^      i  i  • 

Bv  prolonged  boiling  with  water,  or  quicker  with  dilute  sulphimc 
acid.it  is  converted  into  galactose,  CeH^.O^,  which  stands  in  the  same 
relation  to  lactose  as  does  inverted  sugar  to  saccharose  or  cane  sugar. 

The  strong  mineral  acids  and  alkalies  decompose  it,  especially  when 
their  action  is  aided  by  heat.  i         -i  f  

It  is  easily  decomposed  by  oxidising  agents,  it  reduces  silver  lioni 
its  solutions,  and  throws  down  fi-om  an  aUuahne  copper  solution  the 

"^'SSml3"'sulpluu-ic  acid  or  peroxide  of  manganese  it  yields 
formic  acid,  and  with  niti-ic  acid,  mucic,  saccharic,  tartaric,  racemic 

'''''^Mmf  sii'lf  is  less  susceptible  of  fermentation  than  glucose  or 
sacchJlise  lt  not  passing  if  the  alcoholic  f™  f  lon^i^^^^^^^ 
time  after  it  has  been  brought  into  contact  with  yeast.   A\  hen  cheese 
ofcSuten  is  employed  as  a  ferment,  the  sugar  is  in  part  converted  into 
lactic  acid,  alcohol  being  at  the  same  time  formed 

The  sugar,  of  all  the  constituents  of  milk,  is  least  hable  to  vary  in 

"^^..-ation  of  milk  sufjar.-The  ciird  and  fat  -e  precipitated 
from  iniU.  by  means  of  dilute  sulphiu-ic  acid  or  by  rennet.  Ihe 
serL  0  whey  is  filtered  and  evaporated  until  crystals  are  produced. 
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means  of  alcohol.  Milk  sugar  is  prepared,  particularly  in  Switzerland, 
on  a  large  scale,  from  the  whey  left  in  the  manufacture  of  cheese. 

The  fat  of  milk  consists  of  solid  and  liquid  fats,  the  former  being 
palinitin  and  stearin,  and  the  latter  olein,  hutyrin,  and  other  giycerides 
of  volatile  acids.  They  are  the  glyceryl  ethers  of  the  corresponding 
fatty  acids,  and  yield,  when  saponified  with  caustic  potash,  glycerine 
and  salts  of  the  following  acids :  stearic,  ^talmitic,  oleic,  ca^yric,  caprylic, 
caproic,  and  butyric  acid,  and,  according  to  Chevreul,  myristic  acid. 

Butter  fat  becomes  rancid  on  exposure  to  the  au'.  It  dissolves  in 
28'9  parts  of  boiling  alcohol  of  specidc  gravity  0-822. 

According  to  my  experiments,  to  be  more  fuUy  noticed  in  the  next 
article,  on  the  adulteration  of  butter,  butter  fat  has  a  mean  fusing  point 
of  33-7°  C. 

The  average  percentage  amount  of  fat  in  the  milk  of  the  cow  is 
3  "98,  accordrug  to  the  experiments  of  Simon,  Chevalier,  and  ITeurie, 
Boussingault,  Poggiale,  and  Becquerel,  whereas,  according  to  Simon, 
Clemm,  Chevalier  and  Hemie,  Vernois  and  Becquerel,  the  average  of 
the  fat  in  human  milk  is  considerably  less,  namely,  3-38. 

Mineral  matter. — According  to  Vernois  and  Becquerel,  the  ash  of 
cow's  milk  varies  from  0-55  to  0-85  per  cent.,  the  quantity  of  soluble 
salts  being  generally  about  the  same  as  the  insoluble.  According  to 
Weber,  the  ash  of  cow's  milk  has  the  following  percentage  compo- 
sition : — 

Potash  . 
ISocIa 


Lime  . 
Magnesia 
Phosphoric  acid  . 
Chloride  of  sodium 
Chloride  of  potassium 


23-46 
(j-96 
17-.S7 
2-20 
28-40 
4-74 
14-18 

97-31 


The  carbonic  and  sulphuric  acids  are  not  estimated,  and  would 
make  up  the  deficiency. 

Vernois  and  Becquerel  give  the  following  as  the  percentage  com- 
position of  the  ash  of  human  milk : — 


Carbonate  of  lime 
Phosphate  of  lime  . 
Chloride  of  sodium  . 
Sulphate  of  sodium 
Other  salts 


6-  9 
70-G 

9-8 

7-  4 
6-3 


100-0 


It  thus  appears  that  phosphate  of  lime  is  the  chief  constituent  of 
the  ash,  but  the  soluble  portion  also  contains  chloride  of  potassium  and 
alkaline  phosphates,  and  the  insoluble  part  some  phosphate  of  magnesia 
and  a  little  oxide  of  iron. 
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It  -will  thus  be  seen  from  the  analyses  given  that  milli  contains  all 
tlie  elements  necessary  to  the  growth  and  sustenance  of  the  human 
body.  This  view  is  not  only  established  by  the  composition  of  milk, 
but  by  the  fact  that  persons  are  frequently  sustained  upon  a  diet  of 
milk  for  an  indelinite  period.  Milk  is,  in  fact,  the  best  type  known  of  a 

perfect  food.  -r-r     ■        r^T  t 

Total  solids  of  milk.— The  analyses  of  Messrs.  Henne  and  Chevalier 
give  the  solids  as  12-98  per  cent.,  and  without  fat  9-85.  The  ten 
analyses  of  Poggiale  furnish  a  mean  of  13-72,  and  of  sohds,  not  lat, 
9-34  per  cent.  Wanklyn  gives  the  total  solids  of  miUc,  of  average 
qualitv,  iu  100  cc.  at  12-81  gi-ammes,  and  of  exceptionally  rich  miUi  of 
stall-fed  cows  at  14-47,  and  the  total  solids,  not  fat,  9-b5  and  10-3& 
respectively,  and  he  takes  the  amount  of  solids,  not  fat,  in  normal  country 
milk,  namely  9-3,  as  a  standard  whereby  the  quality  ol  other  miLk  is 

to  be  judged.  „       , ,       ,         ^  -n 

Collecting  together  a  large  number  of  reliable  analyses  of  molk,  we 
iind  that  they  furnish  an  average  of  13-32  of  total  solids,  and  9-44  of 
solids  without  the  fat,  but  this  latter  average  is  doubtless  much  too 
low  for  milk  of  good  qualitv.  These  data  will  be  found  to  be  of  use 
hereafter  in  the  determination  of  the  question  of  the  adulteration  ot 
milk.  According  to  Wanklyn,  the  tot-al  solids  of  milk  have  not  been 
known  to  fall  below  11-8  grammes  in  100  cc. 

From  the  observation  of  Messrs.  Miiller  and  Eisenstuck,  it  appears 
that  the  milk  jielded  by  a  herd  of  cows  remained  constant  m  composi- 
tion thi-oughout  the  year.  A  daily  analysis  was  made  o  the  miik  ot 
fifteen  well-fed  cows,  and  it  was  found  that  the  solids  only  lorn-  tinies 
dming  the  year  feU  below  12  percentages,  the  highest  percentage  bemg 
14-08°aud  the  average  12-8  percentages.  f 

•  The  milk  of  cows  varies  much  according  to  the  locality :  that  ot  cows 
in  the  neighbom-hood  of  Paris  contains  from  3-6  to  3-/  per  cent,  of  fat ; 
of  T^Tolean,  Swiss  and  Dutch  cows  between  rO  and  9-b  percent,  ihe 
composition  of  cow's  milk  in  the  fii;st,  third,  fo^^jtl^' fi^^' ^^fl/J^^^. 
month  is  pretty  much  the  same,  varying  between  12  27       14  20  pei 
cent  of  solid  matter.    In  the  first  month  it  contams  13-29  pei  cent. 
Sue,  4-80  per  cent,  casein,  4-25  per  c.nt.  butter,  andS-o.  per  cent 
lactin,  and  0  66  per  cent,  salts.     In  the  second         \      3.  per 
cent  solid  residue,  5-81  per  cent,  casern,  7-06  per  cent,  buttei,  3»/ 
Sfce^t  lact  n,  and  0-57  Jer  cent,  salts.    In  the  eighth  month  24-/3 
er  cent  residue,  11-50  per  cent,  casein,  4-41  per  cent,  bivtter,  .  -6.  pe 
Lit  lactin,  and  1-16  per  cent.  salts.'-\  ernois  and  Becquerel,  m 

'  Watts's  Dictionary.'  _  ^     j  9i-q7  ner 

The  milk  of  a  consumptive  cow  was  found  to  contain  24  J/  per 

cent,  of  solid  residue,  10-13  per  cent,  casein  and  ^^^/^^^l^ 

„„r,f  im+tpr  4-()q  i-ier  cent,  lactin  and  soluble  salts.    \Vanlvi3n,  in 

fsaS e  of  s  ripptml^  wW  Ms  the  last  mUk  extracted  from  the  udder 

ofTeWat  &      the  milldng,  found  the  specific  gravity  to  be 

1025,  with  a  percentage  of  solids  of  18-74. 

Thrquantity  of  solids  ibimd  iu  milk  varies  very  much  ^^'ith  its 
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source.  Thus  human  milk  coutaius  from  11  to  13  per  cent,  of  solids  • 
mares  milk  about  10-2  percent.;  ass's  milk  between  9-16  and  fl-58' 
gout's  miUc,  of  -wliich  hircin  or  hircic  acid  is  said  to  be  a  constituent 
between  Vi-2  and  14-5;  that  of  the  ewe  about  14-38  per  cent.;  of  the 
soic  between  11-83  and  14-51;  of  the  bitch  from  22-48  to  27-46. 

XHE  COMPOSITIQN  OP  CREAM. 

When  milk  is  allowed  to  remain  at  rest  for  some  hom-s,  a  consider- 
able proportion  of  the  fatty  matter  rises  to  the  sm-face,  forming  a  layer 
of  greater  or  less  thickness,  according  to  the  richness  of  the  milk,  and 
which  constitutes  cream. 

But  this  layer  has  no  certain  composition ;  the  amount  of  fatty 
matter  contained  in  it  being  subject  to  very  considerable  variations. 
In  fact,  ereaui  consists  of  ordinary  milk  with  its  water,  casein,  and 
sugar,  together  with  a  large  proportion  of  the  fatty  matter  of  milk. 
The  following  analyses  will  serve  to  render  apparent  "its  variable  com- 
position : — 


Analyses  of  Cream.  Hassall. 

Water 

6-2-12 

61-50 

63-24 

49-10 

43-04 

45-82 

Fat  . 

30-64 

32-22 

31-42 

42-82 

44-76 

44-33 

Casein 

5-83 

5-14 

2-70 

5-20 

7-40 

6-38 

Sugar  of  milk  . 

1-27 

0-74 

2-36 

2-46 

4-45 

2-92 

Ash. 

0-14 

0-40 

0-28 

0-42 

0-35 

0-60 

The  fii-st  thi'ee  creams  were  purchased  of  milkmen,  while  the  other 
three  were  obtained  direct  from  the  dairy,  and  of  their  genuineness 
and  qualitj'  no  doubt  could  be  entertained. 

The  difference  in  the  amount  of  fat  iu  the  two  cases  is,  as  will  be 
seen,  vei-y  considerable,  and  it  appears  to  us,  that  since,  as  in  the  case 
of  millc,  a  standard  for  comparison  is  necessary,  it  would  not  be 
pressing  too  hard  upon  the  vendors  to  insist  that  cream  should  not  con- 
tain less  than  35  per  cent,  of  fatty  matter. 

Two  samples  of  creamometer  cream  after  24  hours'  standing  fur- 
nished the  following  amounts  of  fat,  namely  25-0  and  28-6  per  cent. 

The  above  residts  are  important  as  proving  that  the  degrees  shown 
by  the  creamometer  do  not  indicate  fixed  but  veiy  variable  quantities  of 
i'atty  matter.  Thus  in  some  cases  a  milk  which  shows  only  5  degrees 
of  cream  may  really  be  as  rich  as  another  which  fm-nishes  7  or  8 
degrees.  This  is  certainly  a  strong  fact  in  favour  of  making  in  all  case.? 
an  absolute  estimation  of  the  fat  of  miUc. 

PRESERVED  AND  CONDENSED  MILK. 

There  are  several  methods  by  which  milk  may  be  preserved  for 
some  time.    Thus  if  a  bottle  be  filled  with  it,  the  milk  boiled,  and 
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the  bottle  then  corked  and  sealed,  it  will  keep  for  some  days ;  hut  if  it 
be  heated  under  pressure  to  121°  0.  the  milk  will  be  preserved,  it  is 
said,  for  years,  although  the  butter  may  separate. 

Sulphurous  acid  or  sulphite  of  soda,  curhonate  of  soda  or  swjar, 
all  aid  in  the  preservation  of  milk.  Milk  to  which  sugar  and  a  little 
carbonate  of  soda  has  been  added  will  keep  for  several  days. 

Condensed  milk  consists  simply  of  milk  deprived  of  a  very  consider- 
able portion  of  its  water,  and  to  which  cane  sugar  is  added  as  a  pre- 
servative material.  The  following  analyses  give  the  composition  of 
some  of  the  principal  kinds  of  preserved  milk  in  use  in  this  country. 
Of  the  wholesomeness  and  utility  of  these  preparations  no  doubt  can 
be  entertained.  In  some  cases  the  water  is  ahnost  entirely  removed  ; 
the  residue,  when  mixed  with  white  sugar,  may  then  bo  reduced  to 
the  state  of  powder,  which  then  constitutes  what  is  known  as  milk 


Analyees  of  Condensed  MiUc. 
Hassall. 

Milk  Powder. 
HassaU. 

Water  ..." 

Casein  .... 

Milk  sugar  . 

Cane  sugar  . 

Fat  .... 

Mineral  matter 

Pliosphoric  acid 

24-30 
18-52 
16-50 
27-11 
10-80 
2-12 
0-649 

27-00 
17-20 
12-00 
29-59 
11-30 
2-24 
0-67 

26-  50 

16-  30 

17-  .54 

27-  06 
9-50 
2-39  1 
0-708  j 

24-94 
15-36 
15-36 
32-14 
9-50 

2-43 

3-10 
26-74 
17-20 
39-17 
10-94 

2-64 

100-00 

100-00 

100-00 

99-73 

99-79 

We  Una  tnat  m  tnis  couuLiy  tuc  avcic^g^  j*---  —  o- 
milk  is  about  3-2  lbs.  of  sugared  milk  ;  that  is,  it  takes  cousiderabiv 
less  than  three  pints  of  milk  to  make  1  lb.  of  the  sweetened  condensed 
article.  We  find  fm-ther  that  the  quantity  of  sugar  added  is  usuaUv 
about  19  ozs.  to  the  gallon  of  milk,  or  about  6  ozs.  to  1  lb.  of  the  sugared 
,milk. 

KOUMISS. 

The  sugar  of  milk,  like  other  fermentable  sugars,  yields  under  the 
action  of  a  ferment,  as  veast,  alcohol,  and  carbonic  acid.  The  same 
change  ?akes  place  when  the  ferment  is  added  to  the  milk  itself,  as  has 
ETonMmoC  and  practised,  the  resulting,  liquid  having  received 
Se  name  of  koumiss.^  This  beverage  has  been  prepared  from  time 
^memorial  by  the  Tartars  by  the  fermentation  of  mares  mi  k,  and  a 
somewhat  similar  preparation  is  made  in  Orlmey  ^-^J  .Shetland 

Sometimes  the  ferment  is  ^^^^^d  ^o  ^he  entire  m  Ik,  bu^^^^^^^ 
portion  of  the  cream  is  abstracted  and  skun  milk  usea.    In  o  hei  ca  es 
Sot  only  is  the  cream  abstracted,  but  an  additional  q^^^nt  ty  of  mOlv 
sugar  is  added.    The  fatty  matter  is  removed  because  it  rises  m  lue 
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bottle,  presentiug  a  somewhat  imsightly  appearance,  and  because  the 
beyerage  containing  it  is  too  rich  for  some  persons ;  but  the  casein 
also  is  precipitated,  together  with  the  butter  still  remainino-  in  the 
milk,  and  being  thus  rendered  lighter  than  the  serum,  it  likewise  floats 
on  the  sm'face. 

At  the  same  time  that  a  portion  of  the  milk  sugar  is  converted  into 
alcohol  and  carbonic  acid,  another  portion  is  split  up  into  lactic  acid, 
one  molecule  of  the  sugar  furnishing,  with  the  addition  of  one  molecule 
of  water,  fom-  molecules  of  the  acid  ;  thus  Oj^H^oOu  +  HjO  =  40  H  0  . 

The  following  are  some  analyses  of  koiuniss  recently  made"  by 
us : — 

Analyses  of  Koumiss,  manufactured  hy  Messrs.  Chapman  §•  Co, 


A  No.  1, 
4  days 
old, 
aciduloas. 

A  No.  2, 

30  days 

old, 
highly 
sparkUng. 

A  No.  3, 
30  days 

old, 
highly 
sparldiug. 

.  B  No.  1, 

4  days 
old,  1 
acidulous. 

Lactic  acid  . 

0-416 

0-684 

1-152 

0-54-2 

Carbonic  acid 

0-361 

0-819 

1-228 

0-389 

Alcohol  . 

0-378 

0-857 

1-284 

0-402 

5"atty  matter  . 

0-611 

0-524 

0-508 

0-492 

Sugar  of  milk 

6-328 

5-051 

3-018 

8-948 

CaseiQ  • 

3-545 

3-392 

3-429 

1-264 

Mineral  matter 

0-370 

0-342 

0-392 

0-6,54 

Total  solids  . 

11-270 

9-993 

8-499 

11-900 

Glycerine 

D  No.  1, 

5  days 

old, 
irysweet 
efferves- 
cing. 


0-373 
0-468 
0-490 
0-190 
2-338 
4-406 
0-680 
17-714 
9-722 


D  No.  2, 
17  days 

old, 
highly 
sparkling. 


0-614 
0-754 
0-789 

0-  163 

1-  447 
4-370 
0-672 

16-846 
9-580 


This  article  has  been  much  recommended  of  late  years  in  the 
treatment  of  consumption,  the  presence  of  the  lactic  acid  being  con-, 
sidered  to  aid  gi-eatly  the  digestion  of  the  casein. 


THE  ANALYSIS  OF  MIXK, 

For  most  practical  purposes,  in  order  to  ascertain  whether  a  milk  is 
genuine  and  of  good  quality,  it  is  sufBcient  to  take  the  specific  gxavity 
of  the  milk  by  the  hydrometer  or  galactometer,  and  to  estkuate  the 
quantity  of  cream  by  the  lactometer,  or  as  some  call  it,  the  creamo- 
meter.  It  is,  of  course,  not  sufBcient  to  take  either  the  one  or  the  other 
only,  but  the  results  of  both  proceedings  must  be  compared.  Thus 
a  milk  containing  an  excess  of  butter  or  cream  will  show  a  lio-hter 
specific  gravity,  and  a  sample  with  a  deficiency  of  cream  will  have  a 
higher  graAdty  than  normal  miDi,  the  gravaty  of  which  may  be  said 
to  range  from  1027-5  to  1034-5.  But  milks  are  occasionally  met  with 
which  are  either  lighter  or  heavier,  and  which,  therefore,  exceed  the 
above  limits.  The  specific  gravity  of  slcim  milic  ranges  usually  from 
1034-6  to  1038-6,  and  of  the  seruiu  of  milk  from  1029-9  to  1031-9 
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Another  method  of  judgino-  of  the  quality  of  milk  is  hy  estimating 
the  total  solids  furnished  l)y  its  evaporation,  and  the  solids  left  after 
the  removal  of  the  fat  by  means  of  ether  in  the  manner  hereafter 
described.  Milk  of  good  quality  should  fiu-nish,  according  to  Ileni-ie 
and  Chevalier,  12  98  per  cent,  of  total  solids,  and  9-85  per  cent,  of  solids 
after  the  removal  of  the  fat. 

But  supposing  we  desire  to  institute  a  quantitative  analysis  of  the 
several  constitutents  of  milk,  the  following  plan  may  be  adopted. 
Liquids  taken  for  analysis  are  usually  measm'ed  and  not  weighed,  but 
it  must  be  understood  that  100  cc.  of  milk  do  not  correspond  to  100 
grammes  of  milk,  but  to  a  larger  quantity  according  to  the  specific 
gravity  of  the  milk.  Thus  100  cc.  of  millt  ha\ang  a  specific  gravity 
of  1029  would  really  weigh  102-9  grammes. 

10  cc.  of  the  well  shaken  and  mixed  miUi  are  evaporated  m  a 
weighed  platiniun  dish  upon  the  water-bath  to  di7ness ;  the  residue  is 
then  weighed  and  re-weighed  after  an  intei-val  of  further  di7ing,  in 
order  to  render  it  sure  that  all  water  has  been  removed.  The  weight 
when  constant  is  noted,  and  indicates  the  percentage  of  total  solids 
when  multiplied  by  ten. 

The  dried  residue  is  then  treated,  as  will  be  presently  described, 
with  ether  for  the  removal  of  the which  may  be  estimated  from 
the  ethereal  solution ;  or  still  more  simply,  by  re-diying  the  residue 
remaining,  weighing  it,  and  estimating  the  loss,  which  of  course 
represents  the  butter.  In  the  solids,  minus  the  fat,  we  may  next  esti- 
mate the  swiar  and  the  casein,  but  for  the  ash  a  fi-esh  portion  of  the 
orio-inal  milk,  say  5  cc,  shoidd  be  evaporated  and  incinerated. 

°We  will  now  give  more  in  detail  the  several  processes  to  be  fol- 
lowed for  the  estimation  of  the  chief  constituents  of  millt. 

Estimation  of  total  solids.— A  measiu-ed  quantity  of  milk,  say  10  cc, 
is  evaporated  to  dryness  on  the  water-bath  in  a  weighed  platmum 
basin  The  residue  is  repeatedly  weighed  until  the  weight  becomes 
constant  We  do  not  find  any  difliculty  in  effecting  the  complete 
desiccation  of  the  solids  of  millc,  or  in  the  subsequent  extraction  ot  the 
fat  points  which  have  been  much  dwelt  upon  by  some  analysts,  and 
we'  have  therefore  not  found  it  necessaiy  to  make  use  of  a  weighed 
quantity  of  sand  or  hydrated  sulphate  of  lime,  which  were  formerly 

much  employed.  ,  ^  ,         ,  j, 

Estimation  of  fat— The  residue  thus  obtained  is  treated  repeatedly 
with  smaU  quantities  of  ether,  until  the  whole  of  the  fat  has  been 
removed,  the  ether  being  easily  separated  from  the  residue  by  decanta- 
tion,  no  mtermg  being  required.  The  butter  can  then  be  estimated 
either  from  the  ethereal  solution,  or,  as  explained  above,  by  re- 
di-vint-  the  residue  and  noting  the  loss  of  weight  sustained.  Ihe 
ethereal  solution  is  best  slowly  evaporated  at  a  low  temperature  in  a 

"""^""minrntion  of  the  suffar.-Aiiev  the  removal  of  the  butter,  weak 
alcohol  is  poured  upon  the  residue  and  digested  with  it.    Ihis  taiies 


MILK  AND  ITS  ADULTERATIONS. 


399 


up  the  su^ar,  with  a  little  saline  matter,  soluble  iu  alcohol.  By  evapo- 
rating_  this  solutiou  and  weighing-  the  dry  residue,  the  quantity  of 
sugar  is  determined ;  or,  as  before,  the  residue  itself  may  be  dried  and 
weighed,  and  the  sugar  estimated  by  the  loss.  If  we  wish  to  estimate 
the  small  quantity  of  inorganic  saline  matter,  which  has  been  talfen  up 
with  the  sugar,  it  may  be  done  by  burning  the  latter  in  the  air  and 
weighing-  the  residue. 

Or  the  sugar  may  be  estimated  directly  from  the  whey  by  the  copper 
solution,  the  details  of  the  employment  of  which  will  be  found  o-iven 
in  the  article  on  '  Sugar.'  But  the  whey  should  be  diluted  with'^4  or 
5  volumes  of  water,  so  that  the  amount  of  sugar  may  be  reduced  to 
not  more  than  1  per  cent.  Accordmg  to  Neubauer,  lOO  parts  of  milJc 
sugar  reduce  433-1,  and  according  to  Malhaim,  415-8  parts  of  oxide  of 
copper.  But  a  more  exact  method  is  to  convert  the  lactose  into  galac- 
tose, which  reduces  precisely  the  same  amount  of  copper  to  the  state 
of  suboxide  as  do  the  glucoses — namely,  692-6  parts. 

A  very  close  approximation  to  the  quantity  of  sugar  present  in 
milk  may  be  obtained  by  simply  evaporating  the  whey  to  dryness 
weighing  the  residue,  and  deducting  the  weight  of  the  ash  left  on  its 
incineration. 

Estimation  of  casein. — After  the  removal  of  the  butter  and  suo-ar 
as  ah-eady  described,  the  solids  still  remaining  consist  of  casein  -mth 
the  "Teater  portion  of  the  mineral  matter.  This  residue  should  now 
be  di-ied,  weighed,  incinerated,  and  the  weight  of  the  ash  subti-acted. 
The  difference  will  represent  the  casein. 

Or  other  methods  may  be  pm-sued.  The  casein  may  be  precipitated 
with  acetic  acid,  it  carrying  down  with  it  nearly  the  whole  of  the 
butter.  AVash  repeatedly  with  weak  alcohol,  cby,'dissolve  out  the  fat 
with  ether,  re-diy,  and  weigh.  The  casein  thus  obtained  contains  a 
small  quantity  of  mmeral  matter,  which  is  to  be  estimated  byincmera- 
tion  and  deducted. 

Or,  lastly,  the  casein  may  be  calcidated  from  the  amount  of  nitrogen 
determined  by  the  usual  combustion  process,  the  particidars  of  which 
have  ah-eady  been  given  under  the  head  of  '  Tea  and  its  Adulteration  ' 
but  a  deduction  vnW  have  to  be  made  for  the  albimien  contained  in  the 
milk. 

_  Estimation  of  albumen.— is  estimated  in  the  serum  of  the 
milk  left  after  the  precipitation  in  the  cold  of  the  cm-d  by  dilute  acetic 
acid.  The  acid  should  be  nearly  neutralised  and  the  sermn  boiled 
when  the  albumen  will  be  precipitated,  and  may  be  collected  and  dried 
on  a  weighed  filter. 


THE  SPECmC  GKAVITY  OF  GKNUINT;  3IILK. 

As  the  composition  of  milk  varies,  so  of  course  does  its  specific 
gra\nty,  but  it  may  be  said  to  range  from  1027  to  1034.  The  o-reat 
variation  in  the  specific  gravity  of  the  milk  is  mainly  occasioned  by 
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corresponding  differences  in  the  quantity  of  iDutter  present;  tliis  ))eino: 
so  much  lighter  than  water,  the  greater  its  amount  of  course  the  less 
the  eravity  of  the  milli. 

There  are  no  precise  or  sufficient  data  at  present  existing  to_  show 
to  what  extent  the  casein  and  the  sugar  of  milk  vaiy  vmder  like  circimi- 
stances,  and  how  far  they  affect  the  gravity  of  the  milk ;  that  is  to  say 
there  have  heen  no  sufficient  number  ot  separate  determinations  of 
those  constituents  of  milk  on  which  to  base  the  limits  of  their  ^'anation 
No  doubt- they  do  not  vary  to  anythmg  like  the  same  extent  as  the 
fa?,  and  some  chemists  maintain  that  the  sohds  of  milk  apart  from 
the  fat,  represent  very  nearly  a  fixed  quantity,  having  but  a  very 
small  ranjre  of  difference.  „  ,        .  , .      .  ^ 

The  following  tables  will  serve  to  show  some  of  the  variations  to 
which  the  gravity  of  milk  is  liable : — 

TMes  showing  the  variations  in  the  Specific  Gravity  of  Genui,ie  3Iilk,  and  the 
relation  of  this  to  the  percentages  of  Cream. 


TABLE  L 


Spec.  Grav. 
at  15-6°  C. 

1034-5 

1029-  7 

1030-  4 

1031-  3 

1032-  1 

1027-  5 

1031-  2 

1028-  8 
1030-3 

1032-  3 

1029-  9 

1030-  6 


Average  1080-7 


Cows. 
1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 


TABLE  II. 

Milk. 
Spec.  Grav. 
1031 
1029 
1019 
1008 
1030 
1027 
1026 
1029 
1030 
1024 
1027 
1023 
1024 
1025 


Cream  by 
creamometer. 

9-0 
7-5 
11-0 
9-0 

11-  0 

20-  5 

21-  0 

12-  0 
15-3 
18-3 

13-  2 
13-8 

13-5 


Cream. 
2° 
2h 
26 
80 
2^ 
0 
13 
8 
7 
10 
10 
25 
82 
10 
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•  The  preceding  Table  II.  includes  samples  of  both  morning'  and  after- 
noon milk,  as  weU  as  some  of  the  fii'st  and  last  milk  obtained  at  the 
same  milking ;  they  are  not,  therefore,  to  be  taken  as  average  samples 
of  miUv.  Moreover  the  gravities  of  the  samples  of  Table  II.  were 
taken  by  means  of  the  ordinary  hydrometer,  and  are  probably  some- 
what lower  than  they  should  be. 

From  an  examination  of  Table  II.,  it  appears  that  a  milk  may  be  of 
high  specific  gra-\dty,  and  yet  yield  but  little  cream  (see  1) ;  or  it 
may  be  of  low  specific  gravity,  and  yet  afford  a  very  large  quantity 
of  cream  (see  4).  It  will  be  observed  that  not  one  of  the  samples  in 
the  table  shows  a  low  specific  gravity  with  deficiency  of  cream. 

The  specific  gravity  of  skim  milk  is  of  course  greater  and  much 
more  uniform  than  that  of  the  whole  millr,  containing  also  only  an 
insignificant  amount  of  fat ;  the  range  of  its  gravity  is  less,  usually 
between  1034-6  the  lowest  and  1038-6  the  highest.  In  considering 
the  question  of  the  adrdteration  of  milk  with  water,  as  will  hereafter 
appear,  this  small  range  of  variation  wiU  be  found  to  be  a  point 
of  gi-eat  importance. 

The  following  table  shows  the  specific  gravities  of  skim  milk,  the 
fat  and  the  total  solids  contained  in  it,  the  gravities  having  been  taken 
by  means  of  the  specific  gravity  bottle. 


Spec.  Grav.  of  Skim  Milk 
at  15'5°C. 

Pat  in  Skim  Milk. 

Total  SoUds  of  Skim  MUk. 

1038-6 

0- 

11-26 

1034-6 

0-14 

10-16 

1036-9 

0-24 

11-04 

1036-2 

0-10 

10-28 

1037-4 

0-08 

10-72 

1035-8 

0-20 

10-36 

1036-0 

006 

1037-1 

0-11 

1036-3 

0-10 

1038-4 

0-10 

11-56 

1036-9 

0-06 

11-05 

1037-0 

0-04 

10-58 

1035-4 

0-28 

11-10 

1035-3 

.  0-12 

9-90 

1035-4 

0-08 

9-88 

Average  1036-35 

0-11 

10-57 

The  specific  gravity  of  the  serum  of  milk  is  due  mainly  to  the  sugar 
contained  in  it;  and  as  this  constituent  is  said  to  be  the  least 
variable,  so  is  the  specific  gravity  of  the  seriuu  the  least  subject  to 
variation — a  circumstance  of  considerable  importance,  as  will  be  shown 
presently. 
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Tables  showing  the  Density  of  Serum,  and  its  relation  to  the  Specific  Gravity 

of  Milk. 


Cows, 
1 
2 
3 
4 
5 


TABLE  III. 
Spec.  Grav.  of  Milk. 
.  1028-9  . 
.  1030-3  . 
.  1032-3  .. 
.  10-29-9  . 
.    1030-6  . 

TABLE  IV. 


Spec, 


Grav.  of  Serum, 
10.^1-8 
1031-4 

1030-  2 

1031-  9 
1029-9  • 


Co-ws. 

Milk. 

Serum. 

Spec.  Grav. 

Spec.  Grav. 

1 

1029 

1028 

2 

1026 

1028 

3 

1029 

102,T 

4 

1031 

1027 

6 

1 097 

6 

1008 

1025 

7 

1019 

1027 

8 

1026 

1026 

9 

1030 

1027 

10 

1028 

1028 

11 

1027 

1027 

12 

1026 

1027 

13 

1027 

1025 

14 

1029 

1027 

15 

1030 

1027 

16 

1030 

1027 

17 

1023 

1028 

18 

1023 

1028 

19 

1026 

1027 

20 

1024 

1027 

21 

1024 

1028 

Cows. 

Milk. 

Serum. 

Spec.  Grav. 

Spec.  Grav. 

22 

1022 

1027 

23 

1030 

1027 

24 

1031 

1028 

25 

1028 

1028 

26 

1030 

1028 

27 

1031 

1028 

28 

1028 

1027 

29 

1028 

1027 

30 

1027 

1028 

31 

1028 

1027 

32 

1030 

1028 

33 

1029 

10-28 

34 

1026 

10-27 

35 

10-24 

1026 

36 

1027 

1026 

37 

1026 

1028 

38 

1028 

1028 

39 

1026 

1027 

40 

1026 

1026 

41 

1030 

1026 

42 

1023 

1028 

TaWe  IV.  includes  many  samples  of  milk  of  an  exceptional  cha- 
racter The  gravities,  it  should  he  noted,  given  m  this  table  were 
ascertained  hy  means  of  an  ordinary  hydi-ometer. 

While  the  specific  gravity  of  milk  extends  over  a  wide  range, 
varying  from  1008  to  1034,  that  of  the  serum,  on  the  contrary  is 
Inhict  to  onlv  a  sli<-ht  variation,  the  lunits  of  this  m  Table  III. 
ly?^  between  1029-9  and  1031-9,  and  in  Table  IV.  between  1025 

^""^m  have  here,  then,  one  more  fixed  datum  from  which  to  deter- 
minrthe  adidtei'ation  of  milk  with  water,  a  point  of  the  greatest 

^X'specific  gi-avity  of  skim  milk,  although  not  so  fixed  as  that  of 
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the  serum,  is  yet  mucli  more  so  than  that  of  whole  milk :  its  average 
weight  is  estimated  by  Pereira  at  1034'8,  but  we  find  it  to  range 
between  1034-6  and  1038-6,  the  average  being  1036-3.  (See  table,  p. 
401.) 

TAETATIONS  EST  THE  COMPOSITION  OF  MILK. 

It  has  been  stated  that  the  composition  of  milk  is  subject  to  very 
gi-eat  variation  according  to  several  modifying-  cu'cumstances.  The 
chief  of  these  are — the  age  of  the  cow,  its  condition,  the  time  and  fre- 
quency of  millring,  the  uatm-e  of  the  food,  housing-  of  the  cows,  and 
temperatm-e.  "VVe  shall  bestow  a  few  remarks  on  each  of  these  causes 
of  variation. 

Influence  of  age  on  milk. — With  respect  to  age,  a  yoimg  cow  with 
her  first  calf  gives  less  milk  than  with  her  second,  third,  or  fourth  calf, 
she  being  considered  to  be  in  her  best  condition,  in  most  cases,  when 
from  foiu"  to  seven  j^ears  old. 

The  period  during  which  cows  give  milk  after  calving  is  usually 
five  or  six  months,  but  very  frequently  the  tune  is  much  prolonged 
beyond  this  ;  we  have  been  informed  of  an  instance  of  a  cow  continuing 
to  give  milk  for  three  yeaa-s  and  a  half  after  calving. 

Influence  of  condition  on  milk. — The  ffrst  milk  yielded  by  the  cow 
after  calving  is  yellow,  thick,  and  stringy:  it  is  called  colostrum,  and 
by  miUauen  and  others,  '  beastings.'  This  state  of  the  milk  lasts  from 
atjout  three  weeks  to  a  month,  but  is  very  bad  for  the  fii-st  ten  days, 
during  which  time  the  milk  is  not  fit  for  use.  From  the  end  of  the 
first  to  the  termination  of  the  thii-d  or  fourth  month  the  milk  is  in  its 
best  condition. 

The  cow  canies  her  calf  for  forty  weeks,  or  ten  lunar  months.  It 
is  the  common  practice  to  milk  the  cow  regularly  for  the  first  seven, 
eight,  or  nine  months  of  this  period,  a  practice  which,  at  fii'st  sight, 
appears  to  be  highly  objectionable,  but  which  is  really  not  so  much  so 
as  might  be  supposed;  and  it  is  rendered  absolutely  necessary  by 
the  fact  that  cows  could  not  otherwise  be  profitably  kept ;  never- 
theless, it  is  very  important  that  the  milking  should  not  be  continued 
too  long,  for  the  sake  of  the  cow,  the  calf,  and  the  milk  itself:  in 
general  it  shoidd  cease  at  the  end  of  the  seventh  month ;  many  cow- 
keepers,  however,  continue  to  milk  up  to  a  vei-y  short  period  of 
calving. 

Another  very  objectionable  practice  is  to  permit  the  cow  again  to 
become  in  calf  within  two  or  tkree  mouths  after  having  calved  ;  the 
object  of  doing  so  is  to  derive  as  much  profit  as  practicable  from  the 
animal,  without  regard  to  the  effect  on  its  constitution,  the  quality  of 
the  milk,  or  the  growth  of  the  calf.  It  is  impossible  to  conceive  that 
a  cow  can  continue  to  yield  large  quantities  of  good  millr  daUy,  and 
afford,  at  the  same  time,  sufficient  nourishment  for  carrying  on'  effec- 
tively the  process  of  gestation. 

Influence  of  food  on  milk. — The  natm-al  food  of  the  cow  is  evi- 
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dently  that  derived  from  pastures,  viz.  grass,  the  milk  obtained  from 
cows  fed  upon  this  heing  of  excellent  quality  and  suthciently  nch  tor 

all  pm'poses.  .  ^  ,  ..... 

The  next  most  natm-al  food  is  dried  gi-ass  or  hay,  which  is  given 
largely  to  cows  in  winter,  the  milk  being  nearly  the  same  m  quahty 

as  from  grass.  ,      •,        i    i  •  j.  • 

Beet-root,  carrots,  mangold-wurzel  and  oilcake  being  very  nutri- 
tious, are  also  usually  given  to  cows  in  the  winter  time  with  advantage. 
With  reo-ard  to  the  eilect  of  beet-root  and  carrots  on  miUc,  we  obtain 
the  foUowing  information  by  MM.  0.  Henrie  and  Chevaher. 


Normal  Milk. 

Fed  on  Beet. 

Fed  on  Carrots. 

Casein  (cheesy  matter) 
Butter 

Susar  of  milk  . 
Salts,  vaf ions  . 
Water 

4-48 

3-  13 

4-  77 
0-60 

87-02 

3-75 
2-75 
5-96 
0-68 
86-87 

4-  20 
3-08 

5-  30 
0-75 

86-67 

100-00 

100-00 

100-00 

It  will  be  observed  that,  according  to  the  above  tables,  the  effect 
of  feedino-  cows  on  carrots  is  to  occasion  a  slight  diminution  m  the 
amount  of  casein  and  butter,  but  an  increase  in  the  quantity  of  sugar 
while  feeding  them  on  beet-root,  reduces  stiU  more  the  quantity  oi 
casein  and  butter,  but  very  largely  increases  the  sugai--effects  which, 
fi'om  the  richness  of  cari-ot  and  beet  m  sugai-,  might  have  been  anti- 

"''^'^As'^is  well  Imown,  a  veiT  considerable  number  of  the  cows  which 
supply  London  with  milk  are  kept  in  various  confined  and  imhealthy 
places  in  the  metropolis ;  such  cows  ai-e  seldom  toned  out  to  grass 
the  system  of  feeding  adopted  being  altogether  artihcial  and  umiatoal, 
brewers'  <n-ains  and  distillers'  wash  forming  much  of  then-  food; 
E  s  im^idate  the  animals  imnatm-ally,  and  under  the  stmiulus  k^e 
quantities  of  milk  of  inferior  quality  are  secreted,  the  cow  qmckly 
becomino- worn  out  and  diseased  in  consequence. 

In  reference  to  the  effects  of  grains  on  cows,  Mr.  Harley  makes  the 

'^''STSMers'givai^  distiUers'  wash  make  the  cattle- 
srain-s?ck,  as  it  is  termed,  and  prove  inpirious  to  the  stomach  of  the 
Eal!  it  has  been  ascertained  that  if  cows  are  fed  upon  these 
frrains  &c  ,  their  constitutions  become  qmcldy  destroyed. 
^  mu^ice  of  temperature  on  ,m%.-In  hot  coimt.-ies  and  dry  seasons 
the  aimnt  ty  of  miUi  yielded  is  said  to  be  less,  but  the  quahty  is  ncher ; 
hLC  £ted  that  cold  favoiu-s  the  production  of  sugar  and  cheese, 
whilst  hot  weather  augments  the  amount  of  butter. 
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It  would  be  extremely  desirable  to  ascertain  precisely  the  extent 
to  which  the  quality  of  milk  is  influenced  by  weather. 

Injiuence  of  the  time  and  frequency^  of  viilking. — With  regard  to 
the  quality  of  milk  as  aftected  by  the  time  and  frequency  of  millring-, 
morniugr  niiUc  is  said  to  be  better  than  that  obtained  in  the  afternoon ; 
aud  the  milk  of  cows  when  milked  but  once  a  day  is  richer  than 
either.  It  is  the  common  belief  that  the  last  portion  of  the  milk 
obtained  at  any  miUring  is  richer  than  the  fii'st.  Many  years  since  we 
took  pains  to  ascertain  whether  there  is  any  foimdation  for  such  an 
opinion,  and  find  it  to  be  really  the  case  to  a  remarkable  extent,  as  will 
appear  from  the  following  table. 

Table  showing  the  Difference  in  the  Quality  of  the  First  mid  Last  Milk  obtained 

at  each  3Iilhing. 

First  Milk, 
Afternoon. 


Milk. 

Cows.  Spec.  Grav.  Cream. 

1  .  .  .  .  1027  ....  9° 

2  .  .  .  .  102G  .       .       .       .  13 

3  .  .  .  .  1027  ....  8 

4  .  .  .  .  1029  ....  7 

5  .  .  .  .  1080  ....  11 

6  .  .  .  .  1030  ....  8 

7  .  .  .  .  1029  ....  3i 

8  .  .  .  .  1031  ....  2 

.61i 

Last  Milk. 

1  .      .      .  •     .      1023       .      .      .  .25 

2  .      .      .      .      1023      ....  22 

3  .      .      .      .      1025      .      .      .       .  IQ 

4  .      .      .      .      1024    15 

:>....      1024      ....  32 

G      .      .      .      .       1022    25 

7      .      •       .      .       1026      ....  7*. 


141i 

From  an  examination  of  these  tables  it  appears  that  the  last 
millis  are  of  much  lower  specific  gravity  than  the  tirst ;  aud  hence,  had 
the  specific-gi'avity  test  alone  been  relied  on,  they  would  have  been 
pronounced  to  be  inferior  in  richness  to  the  first ;  a  conclusion  the 
reverse  of  that  which  is  correct.  Thus,  while  the  cream  of  the  whole 
eiglit  samples  of  the  first  milks  amounted  to  61^  percentages,  that  of 
the  last  amounted  to  141^  ;  that  is,  they  contained  more  than  double 
the  quantity  of  cream.    Tliis  fact  is  not  witliout  practical  importance. 

It  is  a  common  practice  for  invalids  aud  others  to  procure  their 
glass  of  milk  direct  from  the  cow  :  we  thus  perceive  that  in  this  way 
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they  seldom  oUain  the  proper  proportion  of  butter,  a  circumstance 
-which  may  be  of  advantage  in  some  cases,  and  of  disadvantage  in 
others.  In  London  it  is  now  common  for  cows  to  be  driven  through 
the  streets,  and  to  be  milked  in  the  presence  of  the  purchasers : 
although  in  this  way  the  buyer  succeeds  in  procuring  it  genuine, 
he  does  not  always  obtain  the  best  mill:. 

The  oTeat  difference  in  the  amount  of  cream  contained  m  the  nrst 
and  last  "milk  taken  from  the  cow  at  one  miUring,  appears  to  be  satis- 
factorily explained  on  the  supposition  that  the  fatty  matter  of  the 
milk  obeys  the  same  laws  of  gravity  in  the  udder  of  the  cow  that  it 
does  when  set  aside  in  an  open  vessel.  ■  e 

The  following  tables  show  the  variations  m  the  specihc  gravity  ot 
milk,  and  the  percentages  of  cream  in  morning  and  afternoon  milk. 

Table  showing  the  Specijic  Gravity  of  Pure  Milk,  and  the  Percentages  of  Cream. 


Cows. 
Bichmond. 

1 
2 
3 
4 
5 
6 

London. 
7 
8 
9 
10 


Average  nearly 


Cows. 
Bichmond. 

1 

2 
3 
4 
5 
6 

London. 

7 
8 
9 

10 


Aver 


age  about 


3Ior?iing  Milit. 

Milk. 

Spec.  Gravity. 

1030       .       .       .  . 

6i 

1031       .       .       .  . 

7 

1028       .       .       .  • 

4i 

1030       .       .       .  . 

9 

1031       .       .       .  . 

10 

1028 

■^i 

1030 

1023 

5 

1029 

7 

1028 

9 

1029  Total 

.  77i 

Average  about 

■Afternoon  Milk. 

MUk. 

Spec  Gravity. 

Cream. 

1028 

.  7i 

1027 

.  10 

1027 

6 

1028 

9 

1028 

.  Hi 

1027 

.  7| 

1028 

.  22 

102G 

6 

102G 

6 

1026 

.  11 

1027  Total 

.  9Ui 

Average  more  than 

a*- 
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The  Eiclimond  cows  from  which  the  first  six  morning  and  afternoon 
milks  were  obtained,  were  fed  partly  on  grass  and  partly  on  givaius. 

The  samples  were  taken  from  the  milli-pail  containing  the  whole  of 
the  milk  obtained  from  each  cow,  and  whilst  still  warm. 

From  the  preceding  tables  (p.  406)  it  appears : — 

That  the  sj)edjic  ijravity  of  genuine  milli,  in  its  ordinary  con- 
dition, varies  between"  1026' and  1031 ;  and  that  the  average  specific 
gravit}'  of  the  morning  milk  is  about  1029,  and  the  afternoon  1027; 
but  the  results  of  more  recent  observations  gave  a  variation  of  from 
1029  to  1034  for  genuine  milk.    (See  table,  p.  400.) 


THE  HOUSING-  OT  COWS. 

In  a  very  useful  little  pamphlet,  published  some  years  since  by 
Mr.  H.  Rugg,  sm-geon,  on  London  milk,  we  meet  with  many  particu- 
lars relating  to  the  improper  mode  pm-sued  in  feeding  and  housing  cows 
kept  in  various  parts  of  the  metropolis. 

'  Any  place,  any  hovel,'  writes  Mr.  Kugg,  '  cow-keepers  seem  to 
consider  will  do  for  a  cow — narrow  lanes,  confined  corners,  &c. — 
and  yet  they  wonder  how  it  is  that  they  lose  so  many  from  disease. 
Can  any  one  with  a  grain  of  coiaimon  sense  at  all  wonder  that  cows 
shoidd  "be  afflicted  with  disease  when  they  are  huddled  together  in  a 
space  that  does  not  allow  them  sufficient  breathing-room,  with  their 
heads  placed  close  up  to  the  wall,  and  without  a  sufficient  cun-ent  of 
ail-  or  ventilation  ?  The  carbonic  acid  expii-ed  from  their  lungs  is, 
before  it  can  rise,  the  greater  part  inhaled  again,  unmixed  with  a  suf- 
ficiency of  pure  ail',  so  necessary  for  the  oxidation  of  the  blood,  and 
consequent  vitality  of  the  body.' 

Other  observations  on  the  same  subject  will  be  found  recorded  in 
the  '  Harleian  Dairy  System,'  p.  14  ;  '  Alton's  Dairy  Husbandry,'  p.  70, 
and  in  a  pamphlet  on  '  The  Sanitary  Condition  of  the  Parish  of  St. 
James's,  Westminster,'  by  the  Hon.  Y.  Byng. 

The  necessity  for  an  abundance  of  pure  air  is  shown  by  the  follow- 
ing calculation : — Dr.  Thomson  states  that  one  cow,  consuming^6  lbs. 
of  carbon  in  its  daily  food,  for  respiratory  purposes  would  require 
956^  cubic  feet  of  atmospheric  air. 


THE  CHAKACTEKISTICS  OF  GOOD  MILK. 

Good  milk  is  a  white  homogeneous  fiuid,  of  sweet  and  bland 
taste,  not  becoming  viscid  on  the  addition  of  aromonia.  It  should 
furnish  a  mean  of  total  solids  of  about  13-17  per  cent,  and  at  the  least 
9-44  of  solids  not  fat,  and  should  yield  an  average  of  about  Hi  per- 
centages, by  the  lactometer,  of  cream. 

The  specific  gi'avity  of  genuine  whole  milk  is  liable  to  vary,  ordi- 
narily, however,  within  the  limits  of  1029  and  1034,  the  amount  of 
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cream  varying  in  a  corresponding  ratio ;  the  gravity  of  the  slrim  milk 
ranging  from  1034-6  to  1038-6,  . 

Examined  with  the  microscope,  milk  is  foimd  to  contain  myriads  of 
beautifully  formed  globules  of  fatty  matter  of  various  size,  and  reflect- 
ino'  the  light  strongly,  and  -which  globules  are  entirely  and  readily 
soluble  in"  caustic  potash ;  in  fact,  good  milk  under  the  microscope 
presents  the  appearance  shown  in  lig.  124. 


Pig.  124. 
Good  Milk. 


These  globules  do  not  consist  entirely  of  fat,  but  are  coated  with  an 
envelope  formed  of  some  albimiinous  substance,  as  shown  m  the  foUow- 

mg  P^^f^j^^^Pj^^;"  Q^g^  tj^e  existence  of  an  external  envelope ;  he  added 
acetic  acid  to  the  milk,  and  found  that  the  shapes  of  the  globules  were 
Te  ebrltorted.  Mitscherlich  found  that  ^l^e  globules  were  not  dis- 
solved when  milk  was  shaken  up  with  ether,  which  would  have  been 
?he  cas^if  they  were  a  simple  emulsion  of  fat;  if,  however,  caustic 
itesh  or  mSate  of  potassLn,  which  dissolves  the  euvdope  -js 
previously  added,  the  fat  was  then  dissolved  by  ether.    Lehmann  also 


MILK  AND  ITS  ADULTEEATIONS. 


409 


remarked  that  the  surface  of  the  g-lobules  in  milk  merely  treated  with 
ether  appeared  less  transparent,  turbid,  and  wrinlcled,  as  if  it  had  been 
coa<:ailated.  The  ether  took  up  the  fat  on  the  addition  of  phosphate 
of  sodium.  Moleschott  acted  on  the  coag-ulum  obtained  by  addinj^ 
alcohol  to  milk  with  acetic  acid,  and  extracted  the  fat  with  ether  ;  there 
remained  many  uubrolcen  fat  envelopes  in  the  form  of  little  vesicles, 
which  he  was"  able  to  fill  with  an  ethereal  solution  of  chlorophyll 
they  contained  no  fat.    From  this  he  not  only  proved  the  existence  of 


Fig.  125. 
Poor  Milk. 


the  fat  envelopes,  but  concluded  also  that  they  are  organised.'— 
Long,  in  Watts's  Dictionary. 

If  the  milk  exhibit  any  want  of  complete  homogeneousness  or  is 
of  imperfect  liquidity ;  if  it  be  viscid,  or  become  so  on  the  addition 
of  ammonia ;  if,  examined  with  the  microscope,  blood,  pus,  or  colo- 
strum corpuscles  are  present,  the  milk  is  not  healthy  milk  of  good 
quality ;  lastly,  if  the  fat  globules  are  comparatively  few  and  of  small 
size,  the  milk  is  poor. 

'  Professor  Mosler  has  directed  attention  to  the  poisonous  eflects  of 
"  blue  millc,"  that  is  to  say,  millc  covered  with  a  layer  of  blue  substance, 
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which  is  in  fact  a  fungus,  either  Oiclium  luctis  or  jyenicillimn,  which 
seems  to  have  the  power,  iu  certain  conditions,  of  causing  the  appear- 
ance in  the  milk  of  an  aniline  substance.  The  existence  of  this  form 
of  fungus  was  noted  by  Fuchs  as  long  ago  as  1861.  Milk  of  this 
kind  gives  rise  to  gastric  irritation  (first  noted  by  Steinhof ) ;  and  in 
fom-  cases,  noted  by  Mosler,  it  produced  severe  febrile  gastritis.  _  _ 

'  MiUc  which  is  not  blue,  but  which  contains  large  quantities  of 
oidium,  appears,  fi-om  Hessling's  observations,  to  produce  many  dys- 
peptic symptoms,  and  even  cholera-like  attacks,  as  well  as  possibly  to 


Fig.  I2e. 

CnKAM. 


give  rise  to  some  aphthous  affections  of  the  moutli  in  chUdren.'— 

Cream  consists  for  the  most  of  the  fat  globules,  some  of  which 
are  of  very  considerable  size  (fig.  126).  ,    jm,  ^.v  4.1, 

The  curd  of  millt,  as  abeady  explained,  is  composed  oi  both  the 
cheese  and  the  fat  globules.  Its  appearance  under  the  microscope  is 
represented  in  fig.  127 ;  the  casein  or  cheese  is  distinguished  by  its 

granular  textiu-e.  , ,  ,  ,     ,  i  •  „„ii„.i 

Colostrum.-ThQ  first  milk  yielded  by  the  cow  after  calving  called 
colostrum,  is  characterised,  as  before  noticed,  by  the  presence  of  nume- 
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rous  corpuscles  of  large  size  aud  granular  appearance.  Cow's  milk  in 
the  state  of  colostrum  is  represented  in  fig.  128. 

The  colostrum  corpuscles  are  destroyed  bypotash  or  by  acetic  acid. 
Iodine  tiu-ns  them  of  a  yellow  colour,  and  hence  it  is  inferred  that  they 
contain  a  large  amount  of  an  albmuinous  substance. 

The  Apparatus  employed  to  Determine  the  Purity  and  Quality 

ofMUh. 

Independent  of  a  quantitative  chemical  analysis,  the  pm-ity  and 
quality  of  miUi  are  often  judged  of  by  its  specific  gi-avity  and  the 
quantity  of  fatty  matter  or  cream  which  the  milk  fiu-nishes. 


Fig.  127. 
CuHD  OF  Milk. 


'  The  specijic  qravity  of  milk  is  best  determined  by  the  ordinary 
specific  gravity  bottle  ;  but  it  is  more  frequently  ascertained  by  means 
of  the  common  hydrometer,  or  by  the  galactometer,  of  which  several 
varieties  have  been  devised. 

The  best  of  tlie  galactometers  is  the  instrument  invented  by  M. 
Dinocourt,  named  the  Centesiinal  Galactometer  (fig.  130). 

Pure  milk  not  deprived  of  its  cream  has  a  less  specific  density  than 
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sldm  millv,  caused  bv  the  lightuess  of  the  cream.  If  the  cream  be 
either  in  part  or  wholly  removed  from  milk,  the  residual  milk  will 
Aveigh  heavier  than  that  which  contains  its  normal  proportion  of  cream. 
Skim  milk,  therefore,  tried  by  the  galactometer  scale,  for  pure  milk 
only,  would  give  a  higher  specific  gi-avity  than  ordinarily  belongs^  to 
pure  milk,  and  hence  the  error  might  be  committed  of  supposing 
it  to  be  pure,  an  error  which  can  be  corrected  by  means  of  the 
creamometer,  whereby  the  percentage  of  cream  is  estunated ;  should 
this  percentage  fall  short  of  that  which  is  proper  to  pure  milk,  the 


Fig.  128. 

COLOSTHUM. 


sample  of  milk  is  one  the  value  of  which  should  be  detei-mined  by  the 

scale  for  pure  skim  milk.  .  ^„+„,. 

Again,  if  to  such  skim  milk  we  add  a  certain  percentage  of  watei 
we  restore  to  it  its  proper  specific  p'^^^^y,  and  therefore  this  milk 
would  show,  with  the  centesimal  galactometer,  the  density  poper  to 
pure  milk,  and  hence  this  fi-aud  would  escape  detection.  In  ordei 
0  meet  cases  of  this  Irind,  which  are  of  frequent  occun-euce-uan^^^^^^ 
the  complete  or  partial  removal  of  the  cream  it  is  pecessarv  also  to 
;mp;oyfhe  creamometer,  and  ascertain  by  it  whether  the  sample  ruider 
examination  contains  the  proper  proportion  of  cream  or  not;  indeed, 
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it  is  not  possible  to  come  to  any  certain  or  safe  couclusious  without 
employing-  the  two  iustriimeuts,  the  lactometer  or  hydrometer,  for 

Fig.  ino. 

The  Centesimai, 
Galactometer. 

{On  a  reduced  scale.) 


a,  Bange  of  pure  milk. 
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takiug  the  specific  gravity  of  the  whole  millr,  and  the  creamometer,  to 
measure  the  cream. 

Where  the  specific  gravity  of  a  milh  is  very  low,  and  this  not  pro- 
duced by  a  large  excess  of  cream,  it  is  due  to  the  admixture  of  water, 
the  quantity  of  which  may  be  determined  with  considerable  accm-acy 
from  the  milk,  or,  better  still,  from  the  skim  milk  or  whey,  by  the 
conomon  hydrometer. 

The  reason  why  the  centesimal  galactometer  has  been  provided 
with  two  scales,  one  for  pure  and  the  other  for  skim  milk,  is,  of  course, 
on  account  of  the  very  difi'ereut  densities  possessed  by  each.  _     ■  _ 

The  great  advantage  of  the  centesimal  galactometer  consists  in  its 
centesimal  gmduation,  whereby  calculation  is  so  much  facilitated. 

It  is  proper,  in  using  either  the  specific  gravity  bottle  or  the  ordi- 
nary hydrometer,  to  take  the  specific  gravity  of  milk  always  at  the 
same  temperature,  namely  60°  F  =  15-5°  C.  This  precaution  is  espe- 
cially necessary  with  the  centesimal  galactometer,  in  which,  from  the 
delicacy  of  the  graduation,  a  comparatively  slight  alteration  of  tempera- 
tm-e  occasions  a  difference  of  several  degrees. 

When  it  is  desired  to  make  use  of  the  scale  for  skim  milk,  one 
portion  of  the  milk  is  to  be  set  aside  for  about  twenty  hom-s  in  a 
creamometer ;  another  in  a  pan  for  the  same  length  of  time ;  the 
percentage  of  cream  in  the  creamometer  is  to  be  noted,  and  the 
density  of  the  milk  in  the  pan,  after  being  skimmed,  taken  in  the 
ordinary  manner  with  the  centesimal  galactometer,  or,  still  better, 
with  the  specific  gravity  bottle. 

Of  all  the  constituents  of  milk,  the  sugar  is  the  least  subject  to 
variation,  and  as  the  density  of  the  serum  of  milk  is  principally  due 
to  the  sugar,  its  specific  gravity  of  comse  is  also  but  little  liable  to 
alteration.  This  statement  is  founded  upon  the  results  of  niunerous 
observations.  It  therefore  long  since  occm-red  to  us  that  the  utility 
of  the  o-alactometer  might  be  greatly  enhanced  by  the  addition  of  a 
centesimal  scale  for  the  serum  of  millr.  The  advantage  of  this  scale 
would  be  that— starting  from  a  fixed  point,  the  noi-mal  specific  gravity 
of  the  serum— it  would  show,  with  considerable  nicety,  the  extent 
of  the  more  usual  adulteration  of  milk— namely,  that  with  water ;  for 
in  proportion  as  water  is  added,  so  does  the  weight  of  the  serimi 
diminish,  and  this  in  such  a  marked  manner  that  the  quantity  of  water 
added  may  readily  be  determined  in  percentages.  Numerous  observa- 
tions are  first  required,  in  order  to  fix  accm-ately  the  normal  specific 
oravity  of  the  seriun  of  the  milk  of  the  cow. 

Method  of  determining  the  cream.— Tha  amount  of  cream  is  deter- 
mined by  means  of  an  insti-iunent  invented  by  the  late  Sir  J oseph  Banlvs, 
termed  a  crenmometer.  This  consists  of  a  tube,  usuaUy  eleven  inches 
lonn-  and  half  an  inch  in  diameter;  the  upper  inch  or  two  inches  ot 
this  are  ^-aduated  in  tenths  of  an  inch-  that  is,  m  hundredths  of  the 
whole  ""The  tube  is  filled  with  milk,  and  set  aside  for  twenty  hours  ; 
the  cream  ascends  to  the  surface,  and  its  amount  is  determined  by 
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the  thickness  of  the  stratum  formed,  and  which  is  ascertained  by  noting 
the  number  of  degrees  or  tenths  through  which  it  extends. 

As  the  quantity  of  cream  not  nnfrequently  exceeds  twenty,  and 
has  even  been  Imown  to  reach  eighty  per  cent.,  the  tubes  should  in  all 
cases  be  graduated  for  nearly  their  whole  length. 


Fig.  131. 

OREAMOMETEn  AND  STAND. 

(0?t  a  reduced  scale.) 
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The  dotted  lines  indicate  the  percentages  of  cream  on  fonr  samples  of  milk 
from  different  cows  after  standing  twelve  hom-a. 


The  construction  of  the  creamometer  is  shown  in  the  accompanying 
woodcut,  representing  a  rack,  holding  four  of  these  instruments  (fig. 
1.31). 

Cream  foms  more  quickly  in  warm  than  cold  weather ;  and  in 
making  comparative  observations  on  a  number  of  samples,  it  is  proper 
that  they  should  be  set  aside  in  creamometers  at  the  same  time  and  for 
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the  same  period ;  the  degi-ees  should  not  be  read  off  until  the  full 
period  of  twenty  hom-s  has  elapsed.  _ 

The  thickness  of  the  stratum  of  cream  formed  on  genuine  milk  is, 
like  the  specific  gravity,  subiect  to  considerable  variation :  in  two 
extreme  cases  we  have  met  with,  one  of  the  samples  showed  but  two 
deo-rees  of  cream,  and  the  other  eighf,y.  According  to  Dr.  Normandy, 
the  thickness  of  the  stratum  of  cream  on  pm-e  milk  is  generally  irom 
8  to  8i  percentages  ;  M.  Dinocom-t  finds  the  percentages  to  range 
between  9  and  14,  while,  according  to  oiu-  numerous  observations, 
the  averaqe  is  IH  percentages;  but  it  is  important  to  remember  that 
the  cream  which  coUects  on  the  creamometer  has  not  m  aU  cases  an 
identical  composition,  but  that  the  amount  of  fat  contained  in  it  is 
subiect,  as  has  abeadybeen  shown,  to  veiy  considerable  variation. 

It  must  not  be  forgotten  that  London  milk,  as  dehvered  to  houses, 
consists  in  general  of  the  milk  of  difterent  cows  mixed  together  ;  and 
therefore,  in  order  to  determine  what  ought  to  be  the  depth  ot  cream 
formed  on  good  milk,  we  should  take  the  average  amoimt  obtained 
from  such  mixed  milks.  .          ,  .    j-a-  4. 

We  have  said  that  the  quantity  of  cream  varies  much  m  diflerent 
samples  of  genuine  milk  ;  and  not  only  is  this  the  case,  but  it  should 
also  be  known  that  the  amount  of  cream  yielded  by  any  sample  oi 
milk  is  no  certain  criterion  by  which  to  judge  of  its  quality,  as  some 
milks  are  rich  in  cream  and  yet  may  be  watered  and  so  be  deficient 

in  casein  and  sugar.  „  

It  has  been  stated  that  the  addition  of  a  small  quantity  of  warm 
water  to  milk  increases  the  amount  of  cream  ;  the  beUef  m  the  acciuracy 
of  this  statement  is  general,  and  it  is  commonly  acted  upon  by  milk- 
men ■  nevertheless,  the  assertion  is  entirely  erroneous— the  addition  ot 
water  to  millc  does  not  increase  the  quantity  of  cream;  it  merely  laci- 
litates  and  hastens,  in  a  most  remarkable  manner,  its  formation  and 
separation,  as  is  shown  by  what  follows : —  . 
^  Six  creamometers  we/e  filled,  one  with  pm-e  milk  the  remainder 
with  the  same  milk  dUuted  respectively  with  ten,  twenty,  thirty,  forty, 

^"^w^y^mLltef  afefthe  addition  of  the  water,  the  creamometer 
showed,  in  the  milk  containing  fifty  per  cent,  of  water  six  degi-ees  of 
cream ;  in  that  with  forty  per  cent.,  five  degrees ;  with  thirty  per  cent, 
degrees;  with  twenty  per  cent,  thi-ee  degrees  ;  with  ten  per  cent, 
one  degree ;  and  in  the  pure  milk,  half  a  degree  only.  _ 

At  the  end  of  forty  minutes,  the  cream  stood  thus  :  _six  and  a  half 
de.it  s  on  the  milk  containing  fifty  per  cent  of  water ;  six  on  that  ..th 
fortv  per  cent. ;  five  and  a  half  on  that  with  thirty  per  cent. ;  fi^  e  on 
that  wTth  twenty  per  cent. ;  fom.  and  a  half  on  that  with  ten  per  cent. ; 

'■^'IrthTeml^'fXete'hours,  the  milk  with  fifty  per  cent  of  water 
showed  five  degrees  of  cream  ;  that  with  forty  per  cent,  five  degrees 
and  Lree-qua^^^^^^^ ;  that  with  thirty  per  cent.,  six  and  a  half  degrees ; 
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that  witli  twenty  per  cent.,  seven  degrees  and  a  quarter  ;  that  with  ten 
per  cent.,  eight  degrees  ;  and  the  pure  millc,  nine  degrees  of  cream. 

It  thus  appears  that  the  addition  of  a  large  quantity  of  water  to 
milk  occasions  an  almost  immediate  formation  of  cream ;  of  this  fact, 
in  some  cases,  it  woidd  be  an  advantage  to  dairymen  to  avail  them- 
selves, hut  it  does  not  augment  the  amount. 

Some  persons  form  their  judgment  of  the  quality  of  milk  simply  by 
its  d_ensity,  reparding  all  samples  which  do  not  indicate  a  certain  specific 
gravity  as  of  inferior  quality.  We  have  already  seen  that  this  method  is 
very  fallacious,  and  that  by  it  some  milks,  rich  in  cream,  would  be  pro- 
noiinced  of  inferior  quality,  in  consequence  of  their  low  density ;  while 
others,  deficient  in  that  constituent,  would  be  declared  of  superior 
quality  on  account  of  their  high  density. 

Otbers  rely  upon  the  indications  afforded  by  the  creamometer,  which 
also  has  its  fallacies,  but  which  are  not  so  gi-eat  when  the  instrument  is 
used  with  the  necessary  precautious,  as  those  relating  to  the  specific 
gravity  of  milk.  The  creamometer  has  regard  to  only  one  component 
of  milk,  namely,  the  fatty  matter. 

The  following  facts  will  show  how  misleading  is  the  creamometer  in 
some  cases.  We  have  met  with  several  samples  of  r/enuine  milk,  which 
gave  only  three  or  fom'  percentages  of  cream,  but  which  yet  possessed 
a  specific  gravity  of  1030 ;  judged  by  the  creamometer  test  alone,  such 
milks  would  be  pronounced  by  all  to  be  very  poor,  and  by  some  even  to 
be  adulterated.  Now  this  conclusion  would  be  to  a  very  great  extent 
erroneous  ;  for  such  milks,  although  certainly  deficient  in  butter,  have 
the  full  proportion  of  the  remaining  constituents,  namely,  the  cheese 
and  the  sugar.  Again,  we  constantly  meet  with  samples  of  mills;  giving 
six,  eio-ht,  or  more  percentages  of  cream,  and  which  nevertheless,  as 
shown  by  the  specific  gravity  of  the  skim  milk,  are  unquestionably 
adulterated  -svith  large  quantities  of  water. 

The  observer  who  relied  upon  the  indications  of  the  creamometer 
would  have  regarded  these  last  samples  as  of  average  quality.  The 
enquirer,  therefore,  should  not  rely  solely  upon  either  the  specific  gravity 
or  the  creamometer  tests,  but  in  all  cases  employ  both,  the  one  acting 
as  a  corrective  of  the  fallacies  of  the  other,  or  he  may  determine  the 
amount  of  solids  not  fat,  basing  upon  it  his  calculation  for  water. 

For  all  practical  purposes,  the  above  methods  of  examination  are 
sufficient.  Hhould  it  be  desu-ed  to  institute  a  quantitative  analysis,  we 
may  then  adopt  the  processes  ah-eady  given  under  the  head  of  the  analysis 
of  millc. 

Donne's  lactoscope. — Some  years  since  an  instrument,  teimed  a  lacto- 
scope,  was  invented  by  M.  Donne,  of  Paris,  for  determining  the  richness 
of  milk  by  estimating  the  relative  opacity  of  thin  stratums  of  milk, 
and  which  opacity  is  mainly  dependent  upon  the  number  of  fat 
globules  therein  contained. 

An  instrument  similar  in  principle  but  differing  considerably  in  its 
details,  the  light  of  a  candle  being  employed  instead  of  daylight,  has 
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been  devised  by  Vogel.  Both  instmments  are  uo  doubt  capable  of  fur- 
nishms  approximate  results  as  regards  the  amounts  of  fatty  matter 
present,  but  their  use,  haviuo-  so  many  other  ready  and  certain  means 
of  ascertaining-  the  fact  of  the  adidteration  ol  miUc  at  om-  command, 
need  not  be  here  recommended. 

THE  ADULTERATIONS  QV  MILK. 
There  are  few  articles  of  food  more  liable  to  adulteration  and  this 
of  the  grossest  description,  than  milk.  The  most  prevalent  and  impor- 
tant adulteration  is  that  with  ^vate,^.  Now  some  few  pei'sons  who  have 
not  reflected  closelv  upon  the  matter,  may  be  disposed  to  make  1  ght 
of  th  adu  tera  Ln  of  milk  with  water,  and  to  speak  in  i^ther  facetious 
?erms  of  the  cow  with  the  iron  tail ;  but  it  is  sm-e  y  no  light  matter  to 
rob  an  important  article  of  daUy  consimiption,  like  milk,  of  a  large 
Dortion  of  its  nutritious  constituents.  ,  j 

^  But  the  adulteration  with  water  is  not  the  only  adulteration  to 
which  milk  is  liable  ;  the  large  addition  of  water  fi-equent  y  made  to  it 
To  Sters  its  appearance  as  to  cause  it  to  assmne  the  sky-blue  colour  so 
familiar  to  us  our  schoolboy  days,  and  so  reduces  its  flavom-,  that  it 
bemmes  necessary  to  have  recom'se  to  other  adulteratmg  ingredients, 
l:Zy,tZdTlI  sugar,  to  sweeten  it  ;  salt,  to  bring  out  the  flavour ; 
^  mmatto,  about  'which  we  shaU  have  much  to  say  hereafter,  to 

Further,  there  is  no  question  but  that  chalk  starch,  and  even  coyiral 
^JtThme  been  and  are  occasionaUy,  though  rarely,  emp  oyed  m  the 
aSutiation  of  millc,  although  it  has  not  happened  to  ourselves  to  meet 

Sttc^  S  cerebral  matter  have  been  met  with  at  different  times  by 

--^■^li^'^S^  tl^'^A^  «  as  well  as 
!t     o  amlfptlmes  used  to  colour  milk  and  cream.    Mr.  Gay  states 
S  mTis"s"Seridlrated  with  decoction  of  boiled  .Me 

''""Sn-tber  it  has  been  stated  that  c/um,  dextrin,  and  emulsion  of 
have  been  employed ;  the  use  of  the  latter  ai-ticle  is  but  little 

probable.        .  resorted  to,  although  it  is  not  ordinarily  re- 

rfSraVfon  sCiM  be  mentioned;  a  part  or  even 
?hf  eMi"  onht'jirm  S^Wuoved  and  the  sMn.^ed  nnlU,  mixed  with 
some  Ssh  milk,  subsequently  sold  as  whole  milk. 
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Owing  to  the  storage  of  millc  in  vessels  of  lead,  copper  and  zinc,  it 
is  often  contaminated  witli  those  metals,  especially  with  the  last 
named. 

An  ingenious  writer,  whos3  name  we  do  not  at  the  present  moment 
remember,  has  considered  the  subject  of  the  supply  of  London  with 
milk  statistically,  and  he  has  arriyed  at  the  conclusion  that  the  number 
of  cows  supplyiilg  London  is  not  more  than  sufficient  to  provide  each 
person  with  about  a  tablespoonful  of  milk  per  day.  If  this  statement 
is  correct,  some  idea  may  be  formed  of  the  extent  to  which  water  is 
made  to  do  dutj'  for  mill::. 

Mesults  of  the  Examination  of  Samples  of  Milk. 

The  results  of  the  examination  of  twenty-six  samples  of  London 
milk,  made  some  time  since,  were — 

That  tivelve  loere  genuine,  but  of  these  two  showed  a  deficiency  of 
cream. 

That  fourteen  were  adulterated,  the  adulteration  consisting  prin- 
cipally in  the  addition  of  water,  the  percentages  of  which  ranged  fi'om 
10  to  50  per  cent.,  or  one-half  water. 

The  specific  gravities  of  the  milks  varied  fi-om  1015  to  1030,  of  the 
serums  from  1016  to  1028,  the  cream  fm-nished  ranged  fi'om  2  to  29 
percentages,  the  average  being  nearly  10  percentages. 

The  results  of  the  analysis  of  fifteen  samples  of  milk  pm'chased  in 
the  metropolis,  in  1871,  were : — 


Kame. 

Specific 
gravity. 

Gravity 

of 
Serum. 

Case- 
in. 

1  Fat 
or 
butter 

Oream. 

Milk 
sugar. 

Ash. 

Water 
added. 

Total 
solids. 

Standard  sample 

1030 

4-48 

3-13 

S-5 

4-77 

0-60 

none 

,12-98 

1 

Aylesbury  Dairy  ) 
Compy.  (lim.)  .  f 

1032 

1029-5 

4-14 

3-50 

10-0 

4-95 

0-74 

13-36 

2 

Express  Country  1 
Dairy  Compy.  [ 

1030 

1028 

3-41 

3-10 

8-5 

5-20 

0-69 

12-40 

3 

Sainsbury  . 

1032 

1030 

4-25 

3-04 

6-0 

6-41 

0-75 

13-45 

4  Milk  store  . 

1029 

3-34 

2-10 

4-5 

2-35 

0-56 

33 

8-36 

6 

1028 

4-20 

2-30 

5-0 

2-90 

0-80 

25 

10-20 

R 

)»       •  • 

1(129 

1-60 

3-.'iO 

11-0 

3-69 

0-43 

30 

9-02 

7 

1028-5 

4-30 

3-50 

10-0 

2-45 

0-65 

21 

10-90 

8 
9 

ji       •  . 

1028 

1027-1 

3-93 

2-7C 

7-5 

3-49 

0-72 

13 

10-90 

y>         *  • 

122C 

3-50 

2-00 

4-0 

3-90 

0-50 

16 

9-90 

10 

»»         •  • 

1225 

3-20 

2-00 

Curdled 

2-80 

0-60 

30 

8-60 

11 

>»         •  • 

1025 

1022 

2-06 

2-11 

4-50 

4-09 

0-60 

28 

8-86 

12 
13 
14 
1.5 

»»         •  • 

1023-2 

1020-8 

2-12 

2-33 

6-25 

3-99 

0-56 

29 

9-00 

1022 

1020-1 

3-19 

2-00 

4-5 

2-74 

0-57 

31 

8-50 

».         .  . 

Shop  in  Clapham 

1019-4 

3-00 

2-00 

4-0 

2-50 

0-40 

37 

7-90 

1012-G 

1011-6 

1-15 

1-05 

2-50 

2-20 

0-30 

61 

4-70 

Samples  4,  5,  G,  7,  9, 10,  and  14  were  likewise  tested  for  cane  sugar, 
Nos.  9  and  10  were  free  from  it,  while  in  4,  5,  6,  7,  and  14,  the  quan- 

B  E  2 
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is  not  uncommonly  practised. 

THE  ADULTEEATIOSS  OF  CREAM. 

A.  was  the  case  with  milk,  so  with  cream.    One  of  its  principal 
aduUerrtions  is Tth  water,  ov  rather  we  should  say  w.  h  slam-milk. 
Sfc  Se  thl  a^^^^^^^^       is  very  easily  practised  the  m^^^^^^ 
nothing  further  to  do  than  to  remove,  together  with  the  cream  itselt, 

Supposing  the  milk  to  ha^ 
tvun^rsomewhat  sour,  a  portion  of  the  curd  from  tie  fat  J-ed 
would  readily  rise  to  the  surface  and  he  slammed  oft  with  the 

-^-SC  S^SiSi^SSt are  with 
ledge. 

THE  DETECTION  OE  THE  ADTTITEBATXONS  OF  MILK. 

The  articles  .employed  in  the  adulteration  of  mUk  and  cream,  the 
BsedTb°t.a?e,,.-— ^^^^^^^^ 

IE=  -^^^^^ 

t,  JiSd  ,.„nti«Lw  have  aW,  ^^'^^^t,,,,,  ™.e,. 

„l,e„  that  liquid  >»'^'i»J^°'t„rjrmdCdiiiim.tion,  within 
Brtiele  is  less  than  that  ot  8™»'"\»'''';,"„^^^^  „f  ,„e,  added.  In 

certain  toit.,  '^-P'^XJ*  e  ^^^^^^^^^^^         """""'5  "''™!'-'' 

*"  mi's'  may  be  done  b,  taking  the  sjeciac  8>-avit,  of  either  the  entire 
milt,  skimmed  milk,  or  serum. 
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But  since  the  specific  gravity  of  even  genuine  luiUc  is  sutject  to 
wide  ranges,  owing  mainly  to  the  variable  quantities  of  fatty  matter 
present,  it  is  in  all  cases  better  to  take  the  specific  gi-nvity  of  either 
the  sJcini  milk  or  the  sarum. 

A  table  has  already  been  given  (p.  401)  of  the  specific  gravity  of 
skim  milk,  which  was  found  to  range  from  1034-6  to  1038-6,  the  aver- 
age being  1036-3. 

In  the  following  table  the  specific  gravity  of  skim  milk  is  given, 
containing  exactly  9-4  per  cent,  of  solids  not  fat,  this  being  the  amount 
below  which  genuine  milk  of  even  the  poorest  quality  rarely  if  ever 
falls  ;  and  also  the  gravities  of  the  same  milk  adulterated  with  various 
proportions  of  water. 

Tables  showing  the  Adulteration  of  Milk  luiih  Water,  based  vpon  the  Gravity 

of  the  Skim  Milk. 


TABLE  I. 


Per  cent.  oE  Water. 

Specific  Gravity. 

Difference. 

Total  Solids. 

0 

1030-48 

9-40 

1  5 

1028-84 

1-64 

8-93 

10 

1027-36 

1-48 

8-46 

15 

1026-72 

1-64 

7-99 

20 

10-24-12 

1-50 

7-52 

25 

10-22-56 

1-56 

7-05 

30 

1021-04 

1-52 

6-58 

35 

1019-52 

1-52 

6-11 

40 

101804 

1-48 

5-64 

45 

1016-40 

1-64 

5-17 

50 

1014-48 

1-92 

4-70 

55 

1013-08 

1-60 

4-23 

60 

1011-68 

1-40 

3-76 

5%  of -water =0-47  solids  not  fat=0-0235  grnm.  if  5  cc.  betaken. 
5%  of. ■water=  1-524  specific  gravity =0-038  gram,  if  25  cc.  be  talcen. 


The  original  skim  milk  bad  a  specific  gravity  of  1038-2,  and  yielded 
11-46  per  cent  of  solids  not  fat,  and  in  order  to  bring  it  to  the  standard 
of  9-4  it  had  to  be  diluted  -with  distilled  water  in  the  ratio  of  812  to 
188,  this  being  equivalent  to  an  adulteration  of  no  less  than  18-8  per 
cent,  of  water. 

If  the  original  skim  milk  had  been  taken  for  the  determination  of 
the  specific  gravity  of  the  mixtures  of  milk  and  water,  the  following 
figures  would  have  been  obtained  : — 
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Per  cent,  of  Water. 


0 
5 
10 
15 
20 
2.5 
30 
35 
40 
45 
50 
55 
60 


TABLE  ir. 

■ 

 —  

Specific  Gravity. 

Total  Solids. 

1038-20 

11-46 

1036-29 

10-89 

1034-38 

10-31 

1032-47 

9-74 

1030-ii6 

9-17 

1028-65 

8-59 

1026-74 

8-02 

1024-83 

7-45 

1022-92 

6-88 

1021-01 

6-30 

1019-10 

5-73 

1017-19 

5-16 

1015-28 

4-59 

1 

It  will  thus  be  seen  that  the  specific  gravity  1030-48  and  the 
solids  of  9-4  are  as  a  rule  far  too  low,  and  that  skim  milks  ot  really 
ffood  quality  and  such  as  are  fui-nished  hy  good  aud  healthy  cows  are 
llmost  invariably  of  higher  gravity  and  yield  a  much  larger  per- 
centage of  solid  matter;  so  that  the  gravity  of  1030-48  and  the  solids 
of  9-4  are  far  too  favom-able  to  the  vendors  of  milk,  since  thev 
allow,  in  some  cases,  of  its  adulteration  vdth  over  20  per  cent  ot 
water,  which,  adopting  the  standards  above  referred  to,  would  not  be 

^°^lfia  only  a  cow  in  its  poorest  condition  which  fenishes  milk  of 
such  a  low  quality,  and  the  adoption  of  the  standard  of  9-4  per  cent, 
of  solids  not  fat  would  act  as  a  premiiuu  upon  adulteration,  and 
woiUd  lead  eventually  to  the  serious  impoverishment  of  the  milk  as 
sold  to  the  public  thi-oughout  the  country.  A  higher  standard  ought, 
therefore,  to  be  adopted,  and  not  one  based  upon  an  exceptional  y 
impoverished  milk.  The  milk  as  ordinarily  sold  is  a  mixture  of  the 
is  of  several  cows,  and  such  milk  never  yields  so  small  a  proportion 
of  solids  not  fat  as  9-4.  We  would  xecommend,  therefore,  that  a 
standard  of  10-4  be  adopted,  which  would  afford  the  public  greater 
piotSion,  but  would  still  allow  of  the  addition  of  considerable  quan- 
titles  of  water  to  really  rich  milks.  , .  -n 

TsulTs  e^^^^^^  accm-ate  may  be  obtained  by  taking  the  specific 
gravity  of  the  seLz  of  milk.  The  casein  and  butter  are  easily  re- 
Lved\v  the  addition  of  a  few  drops  of  acetic  acid,  a  quanti  y  in  eed 
on  Imill  as  scarcelvto  aftect  the  gravity  of  the  senmi,  or,  still  moie 
rbleronably?^  -the  milk  a  smaU  strip  of  the  inner  mem- 

brane  of  the  stomach  of  the  calf  or  pig. 

In  relvino- upon  the  specific  gravity  test  and  even  upon  the  total 
solids  in  determining  whether  water  has  been  added  or  ^^ot,  the  chief 
faUacy  toT^^^^  the  observer  is  subject  is  that  occasioned  by  the 
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addition  of  saccharine  matter,  wliicli  would  cause  the  gravity  to  he 
liigher  and  the  aiuouut  of  solids  greater. 

But  in  the  case  of  whole  milk  there  are  other  sources  of  fallacy  to 
which  reference  to  some  extent  has  abeady  been  made,  and  against 
which  it  is  necessary  to  guard. 

Thus  a  milk  may  possess  the  proper  specific  gravity,  and  yet  he  de- 
ficient of  cream,  which  may  have  been  abstracted ;  again,  it  may  be 
several  degrees  lighter  than  ordinary,  and  yet  may  be  perfectly  genuine, 
this  arising  from  the  presence  of  an  unusual  quantity  of  fatty  matter. 

In  order  to  guard  against  these  fallacies,  therefore,  it  is  ahvays  ne- 
cessary not  mly  to  take  the.  weic/ht  of  the  shim  milk,  but  also  to  measure 
the  quantity  of  cream  or  fat,  or  to  iveigh  the  fat. 

The  instruments  by  which  the  weight  of  milk  is  taken  and  the 
cream  measured  have  ah-eady  been  described.  These  instiiunents  are 
many  of  them  incorrect,  and  it  would  be  a  great  protection  to  the 
pubhc  if  they  were  all  stamped  in  the  same  way  as  weights  are,  as 
a  guarantee  of  their  accuracy. 

Another  method  by  which  the  quantity  of  water  may  be  indirectly 
estimated  is  by  detennining  quantitatively,  in  the  manner  already 
described,  the  amount  of  solids  not  fat  present. 

Taking  9'4  as  the  amount  of  total  solids  not  fat,  below  which  in 
genuine  milk  of  the  poorest  quality  thej'  never  fall,  the  following 
table  gives  the  proportion  between  the  amount  of  added  water  and 
the  solids  not  fat  in  a  special  case : — 

Solids  not  fat.  Added  water. 

9-40  None. 

8-46  10%' 

7-52  20 

6-58  30 

5-04  -.40 

4-70  50 

3-76  60 

2-82  70 

1-88       ,      .      .      .      .      .  80 

0-94  no 

The  formula  for  the  above  calculations  is  9"4  :  100  =  «  (amount  of 
solids  not  fat)  :  .r  (amount  of  genuine  milk  in  the  sample). 

If  ti-eacle  be  purposely  added  in  the  right  quantities,  then  indeed 
it  would  be  very  difficult  to  establish  the  fact  of  the  adulteration 
of  milk  with  water  ;  and  if  cane  sugar  were  employed,  the  object  could 
only  be  accomplished  by  the  transformation  of  the  sugar  into  glucose, 
and  its  estimation  by  the  copper  test  in  that  form.  The  polariscope, 
as  also  the  solubility  of  lajvulose  in  alcohol,  would  in  some  cases  afford 
valuable  information. 

When  any  considerable  addition  of  water  has  been  made  to  milk, 
or  when  milk  is  either  poor  in  quality  or  has  been  deprived  of  a 
portion  of  its  cream,  these  facts  are  conclusively  established  by  the 
concurreut  use  of  the  old  and  veiy  simple  iustruments,  the  hydro- 
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meter  and  creamometer,  the  use  of  wliicli  it  has  been  too  much  the 
fashion  of  late  to  decry.  By  means  of  these  instnunents,  the  former 
applied  to  the  skim  milk,  results  accurate  enough  for  all  practical 
purposes  may  be  rapidly  obtained,  and  with  the  expenditure^  ot  ex- 
ceedingly little  tmie  and  trouble,  whereas  the  quantitative  estimation 
of  the  fat  and  total  solids  is  comparatively  tedioiis  and  difficult  and 
involves  the  possibility  of  eiTor  in  the  drying  of  the  milk  and  the 
several  weighings  required.  r+ 

JIorsleiFs  method.— m.  Horsley  judges  mainly  of  the  quality  of 
milk  by  the  amoimt  of  fat  therein  contained,  and  he  has  devised  a 
very  simple  and  ingenious  method  of  determimng  the  same.    He  takes 
250  orains  of  milk,  equal  to  about  an  ordinary  tablespoontul,  pom-s  it 
into°a  glass  tube,  similar  in  size  and  form  to  a  creamometer,  but 
with  the  addition  of  two  lines,  one  being  the  measure  of  the  2oU 
grains  of  milk,  and  the  other  that  of  the  250  grains  of  ether  subse- 
quently added.    To  the  milk  au  equal  bulk  of  _  methylated  ether  ot 
specific  gravity  0-730  is  added,  and  the  mixtiu-e  is  bnskly  shaken  lor 
four  or  five  minutes,  whereby  the  oil  globules  are  broken  up  and  dis- 
solved by  the  ether.    A  similar  quantity  of  methylated  spu-it  of  about 
0-838  specific  gravity  is  next  added,  and  the  mixture  again  shaken  for 
at  least  five  minutes.    The  solvent  power  of  the  ether  for  the  fat  is  thus 
desti-oyed,  the  fat  collects  on  the  surface  as  pm-e  butter,  and  its  amount 
is  estimated  by  measm-ement,  one  line  of  Mr.  Horsley's  instrument 
beino-  equal  to  4-15  gi-aius  of  butter.   Milk  of  good  qua  ity,  he  consideis, 
shoiSd  yield  10  per  cent,  of  cream,  a  quantity  which  would  usually 
contain  about  3-32  per  cent,  of  butter  fixt.  •,  ^,  . 

S  by  this  proceeding  Mr.  Horsley  found  the  fat  reach  the  above 
quantity,  he  would  as  a  rule  be  satisfied  and  would  pronounce  the 
Si  to  be  genuine  and  of  good  quality  ;  but  tl^f  ^ 
which  he  condemns,  based  upon  the  results  obtained  by  the  use  of 
Wkometers  and  creamometers,  would  sometimes  prove  to  be  feUacious 
Zee  it  is  a  very  frequent  thing  to  meet  with  miU^s  yielding  10  per 
cent  of  cieam  which  have  yet  been  adulterated  with  la.-ge  quantities 
of  water,  nay,  which  may  consist  of  nearly  one-half  water. 

At  the  same  tune  that  the  fat  is  separated  and  collects  on  the  sur 
face  the  casein  is  precipitated,  the  sugar  and  salts  of  the  milk_  being 
held  in  sc lution  in  the  mixtm-e  of  ether  and  alcohol  The  casein  m  a 
state  of  comparative  purity  may  be  readily  sepamted  by  filtration,  and 
s  amount^imated  W  drying  The  sugar  and  -lt«  ^t 
be  estimated  by  the  evaporation  of  the  mixed  ether  and  alcohol.  _  But 
then  iSay  be  said  that  the  ordinary  chemical  method  of  drying  a 
portion  oTthe  milk,  extracting  first  with  ether  and  then  -;th  dilute 
Ehd,and  lastly  incinerating,  is  not  more  troublesome  or  difficult, 

'^^rSt^l^SXt  rSshould  be  s^^^^^^^ 
■     ten  minute     ^'his  seems  simple  enough,  but  anybody  who  adopts  this 
procTeXg  will  find  that  his  arms  will  ache  considerably  at  the  end  ut 
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that  time,  and  it  must  be  rememliered  that  the  -whole  success  of  the 
method  depends  upon  the  completeness  of  the  agitation.  We  find 
that  while  this  method  gives  tolerably  accm-ate  results  for  ordinary 
milks,  it  is  not  well  suited  for  the  examination  of  creams,  it  indicating 
a  far  less  amount  of  fat  than  is  ordinarily  present. 

On  the  detection  of  su(/ar.— The  sugar  used  is  usually  brown 
sugar  or  treacle  ;  the  presence  of  these  may  be  determined  as  follows  : 
—The  casein  and  butter  are  to  be  precipitated  by  means  of  acetic  acid, 
and  the  serum  evaporated,  a  very  gentle  heat  only  being  used,  and  the 
colour  of  the  residue  particularly  noticed;  if  it  is  darker  than  ordi- 
nary, the  presence  of  sugar  may  be  suspected.  _ 

The  residue  may  then  be  dissolved  in  distilled  water.  In  one 
portion  the  sugar  of  milk  is  estimated  in  the  usual  manner  by  means 
of  the  copper  test ;  the  second  is  boiled  with  a  little  dilute  sulphm-ic 
acid,  as  described  under  the  head  of  '  Sugar,'  in  order  to  convert  the 
cane  and  milk  into  grape  sugar.  This  is  then  in  its  turn  estimated  by 
the  copper  test,  the  difference  between  the  two  estimations  indicating 
the  amount  of  cane  sugar  present.  But  it  must  be  remembered  that 
milk  sugar  reduces  a  much  larger  proportion  of  the  copper  test  than 
glucose  and  galactose,  the  proportion  being  as  134  is  to  100. 

100  parts  of  gi-ape  sugar  correspond  to  95  parts  of  cane  sugar  and 
to  134  parts  of  milk  sugar. 

If  treacle  be  used,  there  will  be  found  a  large  excess  of  both 
grape  and  cane  sugar. 

On  the  detection  of  starch. — For  the  detection  of  starch  in  milk 
and  cream,  the  microscope  furnishes  the  readiest  and  most  certain 
means.  A  little  of  the  milk,  spread  out  in  a  veiy  thin  stratimi,  should 
be  examined  imder  the  microscope,  the  examination  being  aided  by 
the  use  of  tincture  of  iodine.  Of  covu-se  we  must  not  expect  to  find 
unaltered  starch  corpuscles  in  milk,  the  starch  being  added  in  the  form 
of  a  decoction.  For  the  quantitative  determination  of  the  starch, 
which  -svill  not  often  be  required,  we  may  proceed  as  follows  :— 

20  cc.  of  the  milk  must  first  be  evaporated  to  di-jTiess  on  a  water- 
bath.  The  milk  sugar  must  then  be  removed  by  digestion  with  weak 
alcohol ;  the  residue  dried,  and  from  it  the  fat  must  next  be  separated 
by  means  of  ether,  and  the  remainder  is  to  be  boiled  for  several  hoiu-s 
with  a  few  drops  of  sulphuric  acid  in  order  to  convert  the  starch  into 
gi-ape  sugar,  in  the  manner  already  described  for  the  conversion  of  cane 
sugar  into  glucose.    90  parts  of  starch  yield  100  parts  of  grape  sugar. 

On  the  detection  of  gum  arahic. — The  senxm  of  milk  obtained  by 
precipitation  of  the  curd  with  a  little  acetic  acid  is  to  be  treated  with 
a  solution  of  acetate  of  lead  ;  the  precipitate  is  collected  on  a  filter, 
washed,  suspended  in  water,  and  the  lead  removed  by  means  of  sul- 
phuretted hydrogen.  The  sulphide  of  lead  is  separated  by  filtration, 
the  filtrate  evaporated,  and  the  residue,  after  drying  and  weighing, 
gives  the  quantity  of  gum. 

On  the  detection  of  (jum  trayacanth. — Gum  tragacauth  is  really  a 
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mixture  of  giun  and  starch,  and  each  of  these  substances  would  have 
to  be  separately  estimated  by  the  methods  already  described. 

For  the  detection  of  the  tragacanth  we  are  recommended  to  boil 
the  milk,  and  leave  it  at  rest  for  some  hom-s,  when  a  gelatinous  trans- 
lucent deposit  will  be  formed,  which,  being  washed  with  a  small  quantity 
of  water  and  tested  with  a  few  drops  of  solution  of  iodine,  produces  a 
blue  colour,  because  gum  tragacanth  contains  starch.  The  starch  ot 
gum  tragacanth  is  plentiful  and  is  in  the  form  of  starch  corpuscles  ; 
these  are  rather  small,  but  vary  much  in  size ;  many  are  irregular, 
some  are  rounded,  others  are  somewhat  polygonal,  while  a  few  are 
muller-shaped  •,  in  the  more  perfect  gi-ains  a  rounded  hilum  is  dis- 
tinctly ^dsible.  j.  i  i 
On  the  detection  of  cerebral  matter.— The  presence  ot  cerebral 
matter  in  milk  may  be  determined  with  certainty  by  means  of  the 
microscope,  portions  of  the  nerve  tubules  being  readily  discovered 
with  that  instrument,  as  shown  in  the  engraving  (tig.  132). 


Fig.  132. 

Milk  Adulterated  -wrrH  Sheep's  Buains. 


On  the  detection  of  chalk.-li  the  milk  be  diluted  vnih  water  and 
set  aside  for  some  hours,  part  of  the  challc,  it  present,  wil  have  sub- 
sided as  a  precipitate,  when  it  may  be  sufficiently  identified  by  Us 
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appearance  and  its  effervescence  with  acids.  Or  a  portion  of  the  milk 
may  be  evaporated  to  dryness,  the  residue  incinerated,  and  the  challv 
estimated  from  it  in  the  manner  pointed  out  in  the  articles  on  '  Tea  ' 

and  '  Water.'  m  •  i 

On  the  detection  of  carbonate  of  mar/nesia.— This  has  been  said  to 
occur  only  in  cream ;  it  would  he  'detected  by  the  insolubility  of  the 
ash  in  water,  its  effervescence  on  the  addition  of  an  acid,  and  lastly  by 
the  crystalline  precipitate  which  is  thrown  down  from  its  solution  in 
hydi-ochloric  acid  on  the  addition  of  a  solution  containing  ammonia, 
chloride  of  ammonium,  and  phosphate  of  soda. 

On  the  detection  of  salt.— The  saline  taste  of  the  ash  will  show  the 
presence  of  salt  if  that  substance  has  been  employed.  This  must  be 
determined  from  the  ash  by  the  process  described  under  'Water.' 

On  the  detectimi  of  lead,  copper  and  zinc. — Since  milk  is  not  un- 
fi-equently  contaminated  with  these  m6tals,  the  analyst  may  be  called 
upon  to  determine  whether  they  are  present,  and  especially  zinc,  or 
not.  The  methods  for  the  detection  and  estimation  of  the  two  former 
of  these  metals  will  be  foimd  given  imder  the  heads  of  '  Water '  and 
'  Bread.' 

The  presence  of  zinc  may  be  detected  in  the  solution  of  the  ash  of 
the  milk  in  hydrochloric  acid  by  rendering  it  alkaline  with  caustic 
potash,  filtering,  and  adding  a  few  drops  of  a  solution  of  sulphm-etted 
hydrogen  to  the  tiltiute.  A  white  precipitate,  consisting  of  sulphide 
01  zinc,  will  prove  the  presence  of  that  metal,  and  from  the  weight  of 
the  precipitate  its  amount  may  be  determined.    See  '  Vinegar.' 

On  the  detection  of  annatto. — The  presence  of  annatto  is  rendered 
probable  when  the  milk,  evaporated  down  to  a  small  quantity,  presents 
a  reddish  or  orange-red  coloiu- ;  if  this  colour  is  materially  altered  on 
the  addition  of  an  alkali  or  an  acid  to  the  milk,  beiug  rendered  pur- 
plish by  the  one  and  of  a  brighter  red  by  the  other,  its  presence  is 
certain.  Lastly,  by  means  of  alcohol,  the  coloming  matter  may  be 
dissolved  out  of  the  soft  residue  of  the  evaporated  milli,  and  the  effects 
of  the  reagents  mentioned  tried  upon  the  alcoholic  extract. 

On  the  detection  of  turmeric. — If  timneric  has  been  used  in  sub- 
stance to  colom'  milk," it  would  be  possible  to  detect  the  turmeric  cells. 
However,  it  is  best  to  proceed  by  the  method  indicated  for  the  discovery 
of  annatto.  The  chief  difference  is  that  the  tm-meric  is  rendered  deep 
brown  by  alkalies. 

It  is  of  course  rarely,  if  ever,  necessary  to  examine  milk  for  more 
than  two  or  three  of  the  articles  above  enumerated.  In  general  it  is 
sufficient  to  determine  whether  water,  the  ordinary  adulteration  of  milk, 
has  been  added  or  not. 

THE  DETECTION  OP  THE  ADXTLTEEATIONS  OF  CREAM. 

Sufficient  has  already  been  said  under  the  heads  of  the  analysis  of 
milk  and  the  detection  of  its  adulterations  to  enable  the  analyst  to 
detect  and  estimate  all  the  known  adulterations  of  cream. 
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CHAPTER  XIX. 
BUTTER  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreien  substance,  as  the  fat  of  beef,  mutton,  or  pork  ;  flour,  starch  or 
any  n°Lral  mntter  other  than  sail,  which  should  not  exceed  4  per  cent,  in  fresh 
aSrS  percent,  in  salt  butter;  curd,  which  should  not  exceed  4  per  cent.  ;  and 
water,  which  should  not  be  more  than  12  per  cent. 

As  the  method  of  maldng  huttei-  may  not  be  known  to  many  of  the 
readers  of  this  report,  we  will  proceed,  before  entering  upon  the  con- 
sideration of  its  adulterations,  to  give  a  very  brief  outhne  oi  tiie 
manner  in  which  butter  is  usually  prepared.  . 

Butter  is  made  for  the  most  part  from  cream  ;  the  cream  is  coUected 
from  time  to  time,  and  placed  in  a  covered  jar,  imtil  sufficient  has  been 
obtained,  when,  having  become  sour  by  keeping,  it  is  submitted  to  the 

^'"Stitaisi^Feparedin  small  quantities  from  sweet  cream  and 

this  kind  is  esteemed  a  great  delicacy.    Very  excellent  1;^^- 

wise  sometimes  made  from  fuU  or  entire  milk  ;  the  disadvantages  ot 

S  me  hod  are-the  large  quantity  of  fluid  to  be  acted  on  by  the 

chtu-r^Mch  renders  it  necessary  that  steam  or  some  f  l^er  POwerM 

mechanical  means  should  be  had  recourse  to,  and  the  length  of  time 

wliiph  elanses  before  the  butter  forms.  ,  „  i  i 

As  soon  as  the  butter  has  formed,  it  is  removed  from  the  chiu-n,  and 

welfwashedTn  water,  it  being  kneaded  at  the  same  time  untalas  much 

Ts  norsible  of  the  adherent  and  incorporated  whey  is  removed  ;  this  ,s 

H,?^  bv  the  water  ceasing  to  become  tui'bid  and  millcy.  If  intended 
kniown  by  tlie  watei  ced  ^^^^        ^^^^^^^  ^^^^^ 

Surlid  wast^g  aVleft  for  any  length  of  time,  the  butter  is  apt 
?o  become  rancid.  Gi'eat  attention  should  be  ^^.'I'^'^^Xel 
the  salt  used;  the  best  descriptions  are  rock  salt  and  that  pieparect 
from  salt  springs.  Sea  salt,  generaUy,  is  not  so  good,  on  account  of 
IwesencTof  Llphate  of  m'agnesia,  which  renders  «what  bit  , 
as  well  as  of  chloride  of  calcium,  which  has  a  strong  affinity  foi  watei, 
even  attracting  it  fi^m  the  a^^^^^^  ^^^^  .^^^  .,,,ieal 

JS^^:^:^^^^  the  tLperatureatwhichthe  cream 
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or  milk  should  te  churned,  the  hest  kinds  of  churn,  the  methods  of 
churning,  &c.,  all  points  of  the  greatest  importance  for  the  agricultu- 
ralist and  the  dairyman. 

COMPOSITIOIT  OF  BTTTTEK. 

Butter  consists  of  the  glycendes  of  certain  fatty  acids,  principally  of 
stearic,  palmitic,  and  oleic  acids,  with  smaller  quantities  of  butyric, 
capric,  caproic,  and  caprylic  acids ;  these  latter  are  all  distinguished 
from  the  former  acids  by  their  volatility.  According  to  the  analysis 
of  Bromeis,  they  amoimt  to  only  2  per  cent.,  they  being  embraced  by 
that  chemist  in  the  term  'butyi-oleic  acid.'  But  Messrs.  Angell  and 
Hehner  have  proved,  as  will  be  shown  hereafter,  that  these  volatile 
acids  are  present  in  much  larger  quantities,  amounting  on  an  average 
to  9'3  per  cent. 

The  true  melting  point  of  butter,  taken  in  the  manner  described 
hereafter,  we  found  to  range  from  32-8  to  34-9,  the  mean  of  all  the 
observations  made  being  33"7°  0. 

The  oily  or  buttery  part  exists  in  milk  in  the  form  of  innumerable 
veiT  distinct  globules,  of  various  sizes.  The  effect  produced  by 
chm-ning  is  to  break  down  these  globules,  which  then  run  together,  and 
thus  form  butter.  The  operation  of  the  chm-u  is  therefore  chiefly,  if 
not  entirely,  mechanical. 

THE  ANALTSIS  OP  BUTTER. 

The  analysis  of  butter  is  very  nearly  the  same  as  that  of  milk,  since 
it  contains  for  the  most  part  the  lilie  constituents,  althoug'h  in  very 
different  proportions.  It  is,  therefore,  not  necessary  to  enter  into  any 
lengthy  details  on  the  subject.  The  water  is  to  be  estimated  by  the 
loss  on  evaporation,  the  fat  by  extraction  with  ether ;  the  cm-d  and  salt 
are  left  on  the  removal  of  the  fat ;  the  quantity  of  the  former  may  be 
estimated  by  incineration,  and  the  mineral  matter  remaining  may  be 
calculated  as  salt,  of  which  it  usually  almost  entu'ely  consists. 

Butter,  when  fi-esh,  is  of  a  yellowish  colour,  having  a  peculiar  and 
characteristic  sweet  odour,  but  when  exposed  for  a  long  time  to  the 
air  it  loses  gradually  its  colom-,  becomes  white,  and  acquires  a  tallowy 
odour,  which  was  at  one  time  considered  to  be  characteristic  of  beef, 
mutton,  and  other  analogous  fats ;  and  samples  of  perfectly  genuine 
butter,  when  thus  changed  in  colour  and  odour,  have  unquestionably  in 
many  cases  been  declared  to  be  adulterated.  In  fact,  by  many  analysts 
the  tallowy  smell  was  considered  to  aftbrd  a  conclusive  proof  of  the 
adulteration  of  any  butter  with  some  foreign  animal  fat. 

THE  OCCURRENCE  OF  CRYSTAIS  IS  BUTTER. 

It  is  very  generally  believed  that  the  occurrence  of  needle-like 
crystals,  often  arranged  in  the  form  of  spherules  or  stellte,  is  a  cer- 
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taiu  proof  of  the  adulteratiou  of  butter  and  of  the  presence  of  lard 
or  some  other  forei-n  auimal  fat.  This  belief,  however,  is  entirely 
erroneous;  and  although  no  crystals  are  found  in  freshly-made  butter, 
yet  thev  appear  in  it  if  kept  for  any  length  of  time,  and  they  are 
especially  abimdant  in  all  butters  which  have  been  fused  and  allowed 
aoain  to  solidify.  On  the  sm-face  of  all  such  butters  a  shmy  scum  or 
pellicle  maybe  seen,  composed  in  large  part  of  such  crystals,  which 
are  likewise  to  be  found  abimdantly  diffused  throughout  the  whole 
mass  of  the  butter.  Again,  they  are  frequently  met  with  in  gi-eat 
muubers  in  cream.  They  polarise  light.  Messrs  Angell  and  Hehner 
make  the  following  remarks  in  reference  to  crystals  in  butter  a 
small  quantity  of  a  fat  containing  ciysta  s  be  p  aced  upon  a  shde  a 
drop  of  castof  or  olive  oil  be  added,  and  the  whole  then  pressed  out  by 
means  of  a  thin  glass  cover,  the  depolarisation  of  light,  is  much  en- 
hanced A  revolving  black  cross,  not  unlike  that  of  starch  grains  is 
seen  in  great  perfection.  These  crosses  are  most  clearly  defined  in  the 
crystals  obtained  from  butter.  ,  .  -,  rt  ' 

Dr  Campbell  Brown,  in  his  essay  on  the  '  Adulteration  of  Buttei, 
remarks— 'A  microscopic  examination  with  polarised  light  is  the 
mSt  reliable  means  of  distinguishing  pure  butter  from  that  wh^h 
Sntains  an  admixture  of  less  easily  digestible  and  palatable  fats.  But 
this  statement,  as  we  have  seen,  is  erroneous. 

THE  ADTTITEEATIONS  OF  BUTXEE. 

Adulteration  tcith  toater.— One  of  the  most  frequent  practices  had 
recourse  to  iuThe  case  of  butter  is  to  incorporate  with  it  large  quan- 
tities of  wcZ ;  the  incorporation  is  effected  iu  the  following  manner : 
thrbuttlr  t  brought  to  the  melting  point,  water  and  salt  are  then 
stirred  in  uutil  the  mixture  becomes  cold.  i    u  r)„. 

In  iSerence  to  the  adulteration  of  butter  with  water  and  salt.  Pro- 

£,;X"f  s.ttMrild  from  2  up  to  14  pe,.  ce.t.,  »»d  4, 

™t  Wtte/?ali'rtet'«»  son,,  toe  .iuce,  s«iBg  tk..  50  per 
;  „f  We,Mmv  1»  incorporated  with  butter  in  tills  ™y ;,  but  when 

"'X"  c.«,.Z.-Again,  butter  has  been  known  to  be  adul- 
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terated  sometimes  with  curd.  This  adulteration  is  particularly  meu- 
tioned  by  Sir  Johu  Gordon,  mayor  of  Cork,  iu  his  evidence  before  the 
Parliamentary  ( committee  above  referred  to. 

Adulteration  with  animal  fat. — Lastly,  animal  fats  are  not  un- 
frequeutly  employed,  as  the  fat  of  beef,  mutton,  veal,  lard,  &c. 

Beef  "fat  is  sometimes  prepared  on  a  large  scale  and  made  up  in 
imitation  of  butter,  being-  known  and  sold  under  the  name  of  'Butterine.' 
This  article  is  mainly  the  olein  of  the  fat,  Avith  only  a  small  propor- 
tion of  the  stearin.  'When  freshly  prepared  it  is  sweet  and  palatable, 
and  beino-  sold  at  a  much  lower  price  than  butter  itself,  it  is  in  some 
cases  a  useful  substitute ;  but  it  is  to  be  feared  that  such  a  preparation 
would  be  used  in  some  cases  for  the  adidteration  of  butter. 

Results  of  the  Examination  of  Samples. 

The  examination  of  forty-eight  different  butters,  both  salt  and 
fresh,  made  some  years  since,  and  published  in  the  Eeport  of  the 
Analytical  Sanitaiy  Commission  of  the  'Lancet'  on  the  adulteration 
of  butter,  fm-uished  the  following  residts : — 

All  the  salt  butters  examined  contained  variable  and  usually  very- 
large  quantities  of  icater,  the  amount  ranging,  with  one  exception, 
from  8-48  to  28-60  per  cent. 

The  fresh  butters  likewise  contained  variable  and  often  considerable 
quantities  of  boater,  but  iu  most  cases  veiy  much  less  than  the  salt 
butters,  the  quantities  ranging  from  4*18  to  16-43  per  cent. 

The  quantity  of  salt  contained  in  the  salt  butters  varied  from  1  -53 
to  8-24  per  cent.,  showing  that  no  fixed  rule  is  acted  upon  in  salting 
butter. 

In  the  fresh  butteis  the  salt  varied  fi-om  0-30  to  2-91  percent. 

The  percentages  of  butter  fat  contained  in  the  samples  ranged  from 
67-72  to  96-93  ;  that  is,  some  of  the  samples  contained  20,  30,  and  in 
one  case  even  nearly  3o  per  cent,  of  water  and  salt. 

Now  the  presence  of  water  in  butter,  in  excess  and  when  pm-posely 
introduced,  assuredly  constitutes  an  adulteration  as  much  as  does  the 
addition  of  starch  or  animal  fats. 

To  many  of  the  samples  of  salt  butter  examined,  a  quantity  of  salt 
over  and  above  the  amount  necessary  to  ensure  the  preservation  of  the 
butter  had  no  doubt  been  purposely  added  to  increase  the  weight  and 
bulk ;  in  fact,  for  the  sake  of  adulteration. 

It  is  equally  certain  that  much  of  the  water  met  yyith  in  many  of 
the  samples  had  been  added  for  the  same  purpose.  The  quantity  of 
water  present  in  some  inferior  descriptions  of  butter,  as  especially  Bosh 
and  the  worst  kinds  of  '  Hollands,'  is  really  surprising,  amounting  iu 
tfome  ca.ees  to  more  than  a  third  of  the  article. 

The  samples  of  which  the  analyses  are  given  in  the  foUo-sving  table 
were  recently  analysed  for  the  purpose  of  determining  the  percentage 
composition' of  butters  as  ordinarily  met  with,  and  very  many  of  which 
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it  was  known  beforehand,  from  the  sources  from  which  they  were 
obtained,  were  perfectly  genuine.  It  must  not,  therefore,  be  conchided 
that  these  analyses  represent  the  condition  of  the  butters  sold  m 
London  and  other  populous  cities.  With  three  exceptions  they  were 
all  fresh  butters,  which  are  much  less  liable  to  adulteration  than  salt 

butters : —  ,       ^  ^ 

Table  of  Analyses  of  Butter. 


Water 
Kat  . 
Curd  . 
Salt  . 


Hnssnll. 
Fresh  Isle  of  Wight  Butters. 

Water  . 

Fat  ... 

Curd  . 

Salt 

16-80* 
77-64 
1-89 
3-67 

11-68 
84-97 

1-  18 

2-  17 

13-62* 
83-97 
1-54 
0-87 

13-68* 
82-30 
2-42 
1-60 

16-92* 
80-07 
0-52 
2-49 

11-39 
85-29 
1-75 
1-57 

Augell  and  Hehner. 

Isle  o£  i 
Wight. 

Isle  o£ 
Wight. 

Isle  o{ 
Wight. 

Sussex. 

Jersey. 

Nor- 
mandy. 

Water  . 

Fat       .      .  • 

Curd  . 
Salt 

9-709 
84-740 
3-462 
2-085 

10-063 
86-466 
2-799 
0-672 

12-984* 
83-871 
-2-721 
0-424 

11-168 
83-683 
3-143 
2-006 

6-463 
89-480 
2-459 
1-598 

9-305* 
84-643 
5-137 
2-915 

AngeU  and  Hehner. 


Isle  of 
Wight. 


Isle  of 
Wight. 


Guild- 
ford. 


9-193 
84-680 

2-  917 

3-  210 


7-683 
88-449 
1-908 
1-960 


8-580 
85-480 

2-  789 

3-  151 


Win- 
chester. 


6 -.370 
90-197 
1-611 
1-822 


London.  London. 

Chester. 


8-615  !  23-981*  42-3.-.8* 

37-223  '  67-580  47-119 

2-054  1  6-880  7-834 

2-108  i  1-559  2-689 
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Butterine.*' 


Water 
Fat  . 

Nitrogenous  matter  . 
Salt  .      .      .  . 


5-838 
92-776 
0-585 
0-831 


If  the  reader  -will  now  refer  to  the  definition  of  the  adulteration  of 
butter  given  which  forms  the  first  paragraph  of  this  article,  he  will  be 
enabled  to  determine  for  himself  which  of  the  samples  were  adulterated 
and  in  what  manner.  For  greater  convenience,  however,  we  have 
distinguished  all  the  adulterated  butters  by  an  asterisk. 

Two  samples  of  butter  from  Portsmouth,  recently  submitted  to  us 
for  analysis,  and  which  were  the  subject  of  a  successful  prosecution,  were 
foimd  to  have  the  following  melting  points,  37 '7°  and  37-5°  0.  These 
fusing  points  were  sufficient  to  establish  the  fact  of  the  adulteration  of 
these  butters  with  a  considerable  proportion  of  foreign  fatty  matter, 
but  the  second  butter  was  also  tested  by  Angell  and  Hehner's  method, 
and  was  foimd  to  yield  89-9  per  cent,  of  fatty  acids,  equivalent  to  38 
per  cent,  of  adulteration. 

There  is  a  practice  rather  extensively  adopted  of  maldng  a  so-called 
fresh  from  salt  butter ;  although  this  is  not  an  adulteration,  it  is  yet  a 
deception.  The  process  by  which  the  ti'ansformatiou  is  effected  is 
rather  ingenious  and  somewhat  amusing. 

Salt  butter  of  very  inferior  quality  is  repeatedly  washed  with  water 
in  order  to  free  it  from  the  salt.  This  being  accomplished,  the  next 
process  is  to  wash  it  frequently  with  millr,  and  then  to  add  a  small 
quantity  of  sugar. 

Perceiving,  then,  to  what  an  extent  salt  butter  is  adulterated,  with 
both  water  and  excess  of  salt,  we  very  much  doubt  whether  any 
saving  is  effected  by  the  use  of  this  description  of  butter ;  although 
nominally  cheaper,  it  is  questionable  whether  it  be  not  really  dearer  in 
the  end. 


THE  DETECTIOK  OF  THE  ABTrLTEEATIOITS  OP  BUTTER. 

The  chief  adulterations  of  butter  are  with  water,  starch,  excess  of 
salt,  and  animal  fats. 

On  the  estimation  of  ivater. — After  being  churned,  butter  is  kneaded 
in  water  in  order  to  get  rid  of  the  whey  with  which  it  is  incorporated ; 
the  adoption  of  this  process  accounts  for  the  presence  of  a  small  quan- 
tity of  water  in  butter  only. 

There  are  two  methods  by  which  the  quantity  of  water  in  butter 

The  reason  of  its  having  the  same  melting  point  as  butter  arises  from  thie  fact 
that  the  foreign  fat  consisted  chief!}'  of  olein. 

This  butter  had  a  melting  point  of  29-5°  C,  and  furnished  nearly  95-5  per 
cent,  of  fatty  acids,  proving  that  it  consisted  almost  entirely  of  foreign  fat,  princi- 
pally olein,  as  shown  by  the  fusing  point. 
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may  he  determiBed ;  one  simple  and  popular,  the  other  more  scientific 

'''"^FSf  method.-A  fair  sample  of  the  butter  should  be  taken  from 
the  centre  of  tSe  piece  or  lump%s  near  the  sm-face  imrt  of  the  water 
tne  cenue  01^1  r         -ytai,  and  a  bottle  hlled  A\ath  it. 

Ss'ds'rbe'pTctd,  ?or  haK  an\our  or'so,  near  the  fire  ;  the  water 
anc  salt  will  become  separated  from  the  butter,  and  smk  on  account  of 
their  oTelter  weight  or  specific  gravity.  Owing  to  the  water  being 
their  giea^tei  we  ^  presents  a  white  and  milky  appear- 

ZfZ^^J^t^ol'lut  of  th^butter  itself  which  fioats  upon  it 
a' m  1«  mm-e  or  less  yellow  ;  the  quantity  of  water  is  then  roughly 
and  which  IS  ^°  ^  it  reaches  up  the  bottle.    In  some 

TaSttili^eTund  t^^^^^^      water  constituL  a  fourth  and  even  a 

*^''ifond'meS"  -3  or  4  grammes  of  the  butter,  taken  from  near 
the  centre  the  piece,  must^e  placed  in  a  small  glass  or  ,poi.ela.n 
dlh  or  capsule,  over  a  water-bath,  until  they  cease  to  lose  weight ;  the 
butteT-ind  the'capsiile  must  then  be  weighed,  and  the  weight  of  the 
™ile  de^^^^^^^  f  the  deficiency  on  the  original  quantity  taken  repre- 
-^pnts  the  amount  of  water  contained  in  the  butter.  . 

It  is  possible  that  in  some  cases  the  question  might  arise  as  to 

amount  of  sugai  ot  miUipiebeuL,  ^  ^       ^  thousand 

no««P=i  dpscrilDed  m  the  articles  on   bugai   anu   -uim.  ^ 

spread  out  m  the  glass,  tincture  of  iodine 

thin  glass,  with  a  half  01  quaitei  men  o  ^    ^  , 

being  in  some  XtH^  ofte  granX^^^     the  action  of  iodine, 
recognised  ^it^^^^-^^y  ^f^^J-"^^^^^^^  following  proceeding  may  be  adopted : 
To  estimate      q^^n^^^^^^^^  removed  by 

^TS^:^^^^^  r  f  clue  ~     into  glucose 

TnThe  --er  descvibed  -d^^^^^^  ^  ,,,,,,  ^,3t 

On  '"'^  7^;{jfietermred  by  an  estimation  of  the  chlorine 

he  incinerated,  and  the  saU^^^^^  ^^^^^ 

by  means  ol  nitrate  ot  siivei.    j-"  b 

butter  may  be  ^f^f  j^/^l  weighed  quantity  of  the  butter  is  dried 
on  tbe  water-bath  and  the  fet  em  is  incinerated, 

consisting,  for  the  "^o^*  .ggent  the  amount  of  casein. 

K  'stSi'be  pent  It  tKme  time,  it  wiU  remain  with  and  be 


BUTTER  AND  ITS  ADULTEEATIONS. 


435 


calculated  as  casein.  It  should  therefore  he  estimated  by  conversion 
into  glucose  in  another  portion  of  the  butter,  and  the  amount  sub- 
tracted from  the  amount  of  combustible  substances  found  in  the  first 
experiment. 


TKE  DETECXION  AND  ESTIMATION  OP  POREI&N  PATS. 

Nearly  the  whole  of  the  following  matter,  having  reference  to  the 
separation  of  the  stearin  and  palmitin  from  the  olein  and  the  deter- 
mination of  the  fnsing  points  of  fats,  was  first  published  in  '  Food, 
Water,  and  Air,'  for  November  1874. 

The  ditiiciilties  attending  the  detection  of  animal  fats  in  butter  are 
very  great,  and  have  hitherto  been  deemed  by  many  to  be  insuperable ; 
indeed,  this  latter  opinion  has  been  distinctly  and  recently  advanced 
by  Professor  Voelcker  and  Mr.  Wanklyn  in  their  evidence  before  the 
Parliamentai-y  Committee  on  Adulteration,  which  has  so  lately  had 
the  subject  of  the  adulteration  of  food  under  investigation.  Thus 
Professor  Voelcker,  in  reply  to  the  question,  '  Is  it  very  difficult  to 
distinguish  between  butter  fat  and  other  sorts  of  fat  ?  '  remarked,  '  I 
do  not  know  of  any  very  decided  test  whereby  you  can  distinguish  the 
olein  and  other  simple  fatty  substances  of  butter  from  other  fats, 
therefore  I  am  somewhat  astonished  that  analytical  chemists  can  give 
so  positive  a  statement  with  regai-d  to  the  adulteration  of  butter  fats.' 
While  Mr.  Wanklyn,  in  reply  to  the  question,  '  How  is  it  that 
prosecutions  of  butter  have  failed  under  this  Act,  do  you  imagine  ?  ' 
said,  '  They  have  failed  because  there  is  no  method  for  ascertaining 
the  presence  of  foreign  fat  in  butter  ; '  and  when  asked  if  he  had  heard 
the  evidence  given  by  Dr.  Hassall,  he  said  he  had,  and  when  the 
chairman  remarked,  he  (Dr.  Hassall)  says  that  there  is  no  difficulty, 
Mr.  Wanklyn  replied, '  I  believe  that  he  is  labouring  under  a  mistake; ' 
and  again,  when  the  chairman  observed,  '  Then  you  think  that  Dr. 
Voelcker  is  right  and  Dr.  Hassall  is  wrong?'  he  said,  'I  have  no 
doubt  whatever  upon  this  subject.'  And  lastly,  in  answer  to  further 
questions,  Mi-.  Wanldyn  again  emphatically  stated  that  '  there  are  no 
trustworthy  chemical  tests  for  foreign  fats  in  butter.'  When  the  chair- 
man observed,  '  You  have  no  doubt  about  it  ?  '  be  answered,  '  I 
have  no  doubt  whatever  about  it,  and  I  woidd  undertake  to  prepare 
for  Dr.  Hassall  samples  of  foreign  fats  that  he  would  mistake  for 
butter,  or  to  give  him  a  set  of  samples  of  butter  and  other  fats,  and  he 
would  certainly  not  distinguish  them.' 

The  evidence  which  the  author  gave  on  this  subject  followed  that 
of  Professor  Voelcker,  and  preceded  that  of  Mr.  Wanklyn,  and  was  as 
follows : — '  A  statement  was  made  by  Dr.  Voelcker  in  his  evidence 
given  before  this  Committee  a  few  days  since,  that  there  were  no  tests 
whereby  the  admixture  of  other  fats  with  the  fat  of  butter  could  be 
detected  and  determined  ;  to  that  statement  I  demur.  I  may  say  morft 
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than  that,  there  are  tests  wherehy  the  f  f  ^/f 
animal  and  vegetable  fats  maybe  accurately  determined  and  I  beg 
now  to  band  in  a  short  statement  of  a  method  of  analysis  of  l^utter  not 
my  own  method,  bnt  that  of  an  assistant  and  pupil  oi  mine,  Mr.  Otto 

^'""^^eTllf^-et^^^'i^^t  the  various  animal  and  vegetable  fats, 
such  as  beef  and  mutton  fat,  resemble  butter  m  being  composed  mainly 
of  stearin!  palmitin,  and  olein  in  variable  proportions,  it  cannot  be 
wondered  at  that  the  difficulty  of  determining  the  presence  m  butter 
7?h  se  and  other  analogous  fats  has  ^een  deemed  to  a  W 
TiPrnble  Puttino-  aside  for  the  moment  the  fact  ot  the  presence  m 
CttS  of  tie  volatile  fatty  acids,  the  only  difference  which  remains 
ttween  butter  and  most  other  animal  and  vegetable  fats  consists  m 
propoiSns,  which  vary  in  the  case  of  each  fat,  of  the  glycerides 
of  the  several  fixed  fatty  acids  before-named 

Now  it  might  be  thought  by  some,  at  first  sioht,_to  be  an  easy 
niattei- to  detei^mine  the  relative  proportions  contained  m  iiff^'ei^t  ^ate 
S  stearin  palmitin,  and  olein,  and  in  this  way  to  arrive  at  a  satis- 
LctSv  conclusion  as  to  the  pr'esence  of  foreign  fats  m  butter,  but  m 
rea  itv  the  tasl  one  of  extreme  difficulty,  in  fact,  one  which  we  have 
W  to  be,  in  the  attempts  which  we  have  hitherto  made,  mur- 

to  separate  the  stearin  and  pahnitm  of  butter  fi:om  the  oiein  by 

"''S'plrrof  mutton  caul  fat  re,.iired  15  parts  of  hot  absolute 
alcohol      '^°^P;t\SS'of  ether  and  alcohol,  used  in  the  propoi- 

disaT;^-~|™^^^^ 

Z^^irStTo^^^^^^^  i-^emixture  of  alcohol 

eSSS^rSved  in  3  grammesof 
furnished  the  subjoined  results  -.—  • 


Butter 
Ox  kidney  fat 
Ox  caul  fat  . 
Pig  kidney  . 
Pig  caul 
Mutton  caul  . 
Lard 
Dripping 


None. 
0-174  stearin 
0-389 
0-217 
0-237 

0-222  „ 
0-212 

0-226  „ 
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A  mLxtiu'e  of  1  part  of  di'ipping  and  2  parts  of  butter  did  not  fur- 
nish any  deposit. 

The"  ethereal  soUitions  in  these  experiments  were  all  hrought  to  a 
temperatm-e  of  18'3°  0. 

Three  butters  dissolved  in  three  parts  of  ether,  and  placed  in  a 
refrigerator  containing  ice,  fiu'uished  the  following  percentages  of 
deposit : — 

1  11'2  per  cent. 

2  7-8  „ 

3  6-5  „ 

"While  5  different  fats,  ti'eated  in  the  same  manner,  furnished  the 
following  much  larger  quantities : 


Mutton  kidney 
Mutton  caul  . 
Ox  kidney 
Ox  caul 
Lard 

Mutton  dripping 


53'6  per  cent. 

48-  7  „ 
39-8  „ 

49-  3 
21-8 
27-7 


One  part  of  7  samples  of  butter,  dissolved  in  3  parts  of  ether,  and 
cooled  down  in  a  refrigerator  with  ice,  fm'nished  the  following  deposits, 
these  being  the  aggregate  of  five  diiferent  operations  of  cooling,  extend- 
ing over  about  60  hom's. 


62-55  per  cent,  deposit. 

60-85  „ 

85-50  „ 

49-25  „ 

51-95  „ 
49-30 
46-55 


The  amount  of  the  first  deposit  obtained  was  found  to  vary  with 
the  length  of  time  during  which  the  butter  was  allowed  to  remain  in 
the  refii-igerator,  the  deposit,  as  a  rule,  being  greater  the  longer  the 
peiiod. 

Another  series  of  experiments  was  made  with  a  view  to  determine 
the  proportion  of  olein  present  in  butter  and  other  fats,  and  in  these 
alcohol  was  used  as  the  solvent,  in  the  proportion  of  40  grammes  of  fat 
to  1,000  cc.  of  absolute  alcohol,  the  mixtm-e  being  cooled  down,  as 
usual,  for  about  twelve  hours  in  the  refrigerator. 

Butter  1    .      .      ,      .      32-10  per  cent,  olein. 


2  . 
„     3  . 
„     4  . 
„     5  . 
„     6  . 
7  . 
Mutton  caul  fat 
Lamb  caul  fat 
lieef  kidney 


32-  62 
36-59 
34-87 
38-82 

33-  59 
36-94 

25-  83 

26-  15 
30-08 
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The  specific  cavity  of  the  olein,  at  15-5°  C,  thus  ohtained  from  the 
hutters  was,  in  three  cases,  0-9148,  0-9126,  and  0-9134  whilst  the 
specific  gravity  of  olein  from  olive  oil  was  0-9114  The  specific 
gravity  of  the  stearin  simultaneously  ohtained  from  the  hutters  was 
0-9213, 0-9153,  and  0-9384.  .  .       ^  i- 

The  specific  gi-avity  of  pure  stearin  was  0-9268,  and  that  of  pure 

palmitin  0-9117.  ,  ,        i  r>  noKr" 

The  specific  gravities  of  the  three  hutters  themselves  were  0-92o6, 

0-92.36,  and  0-9210.  ^    .      ^.  .  ...  . 

Several  other  experiments  were  made  m  which  the  quantity  ot 
alcohol  was  increased  from  1,000  cc.  to  1,500  cc.,  the  latter  quantity 
beino-  used  on  the  supposition  that  the  stearm  deposited  would  carry 
dow?i  less  of  the  olein,  it  being  found,  on  taking  the  fusing  point  of 
the  deposits,  that  they  contained  a  large  admixture  of  olem.  Ihese 
experiments  gave  the  following  numbers  :— 

1.  40-08  per  cent,  olein       .      Specific  gi-avity,  0-9219 

2.  44-34      „         „  •  " 

3.  37-85      „         „  •  »  " 

Specific  gravity  of  the  stearin  deposited  was  0-9392,  0-9332,  and 

0-9296  respectively.  ,      o-,  ^j.  fii„„o. 

The  specific  gravity  of  three  other  samples  of  butter  was_  as  follows 
—0-9342  0-9202,  0-9328,  while  the  amount  of  oleme  obtained  ana  its 
gravity  were  as  given  below : — 

4.  34-93  per  cent,  olein        .      Specific  gravity,  0-9176 

5.  40-34       „         „         •  " 

6.43-77       „  •  "  "^^^^ 

Specific  gi-avity  of  the  stearin  deposited  was  0-9225,  0-9277,  and 

tJ;  oleins  obtained  from  the  solutions  of  butters 
alcohol  were  afterwards  redissolved  m  a  smaUer  quantity  of  alcohol 
and  the  solution  again  placed  for  twelve  hours  in  the  refri^^^^^^^^^^ 
the  result  of  obtaining  further  deposits  of  stearin,  and  ot  course 
dtiSed  amounts  of  olein.     Thus  100  parts  of  the  olein  firs 
obtained  were  reduced  by  the  second  operation  to  9/  2  and  84  4 
respective^    The  olein  of  mutton  caul  and  of  di-ippmg  was  reduced 
from  100  parts  to  58-9  and  43-6  respectively. 

T^he  results  of  the  preceding  experiments  may  be  thus  summed  up 
-Ttat  it  ls  most  diAcult,  if^t  impossible,      -pa-te  -m^^^^^^^ 

"ost  t^^^"^:^ 

t  lT„,u  ^^ater  than  in  most  animal  fatsf  these  latter  containing 
Te  LTof  tJe  adulteiion  of  butter  by  the  fats  m  question. 
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Ao-ain,  the  observations  above  recorded  are  sufficient  to  show  tliat 
the  specific  gravit}'  of  the  diilerent  fats  does  not  fm-nish  sufficient 
data  on  which  to  determine  the  admixture  of  butter  with  other  animal 
fats. 

Not  only  is  it  all  but  impossible  to  completely  separate  the  steann 
and  pahuit'iu  from  tlie  oleiu,  but  that  portion  of  the  two  former 
glycerides  which  deposits  from  the  solution  is  invariably  admixed  with 
large  quantities  of  olein,  so  that  the  weight  of  these  obtained  cannot 
be  "taken  as  representing  pm-e  stearin  or  palmitin  ;  this  being  proved 
by  taking  the  melting  points  of  the  deposits.  On  the  other  hand,  the 
olein  retained  with  equal  obstinacy  a  portion  of  the  more  solid  fats. 

Had  it  been  possible  by  these  methods  to  have  estimated  accm-ately 
the  exact  quantities  of  stearin,  palmitin,  and  olein  contained  in  the 
different  fats,  we  should,  no  doubt,  have  arrived  at  the  desired  results, 
and  should  have  been  able  to  have  determined  the  extent  of  the  ad- 
mixtm-e  of  most  animal  fats  with  butter. 


D-BTEEMIITATIOX  OF  THE  PTJSING  POINTS. 

Failing  to  arrive  at  conclusions  sufficiently  definite  by  the  methods 
above  refen-ed  to,  we  next  dii-ected  our  attention  to  the  fusing  point  of 
butter  and  other  fats,  from  which  it  appeared  to  us  that  valuable  data, 
of  a  much  more  reliable  character  than  those  usually  given,  might,  by 
stricter  methods  of  investigation,  be  arrived  at.  _  It  has  been  stated  that 
butter  and  foreign  fats  consist  mainly  of  palmitin,  stearin,  and  olein  in , 
variable  proportions.  Now  these  have  different  melting  points,  the  dif- 
ference between  that  of  stearin  and  palmitin  as  compared  with  olein 
being  veiy  considerable.  Thus  the  melting  point  of  stearin  is  about 
6-3°  0.,  of  palmitin  nearly  the  same,  while  olein  is  liquid  at  ordinary 
temperatures  and  solidifies  only  at  a  temperature  much  below  the  freez- 
ing point.  Ejiowing,  therefore,  the  melting  point  of  any  given  fat  and 
of  its  prime  constituents,  it  would  appear  to  be  possible  to  arrive  ap- 
proximately at  the  percentage  composition  of  that  fat  and  even  of  a 
mixtm-e  of  fats.  But  we  have  not  been  contented  to  rely  upon  a  rule 
of  this  Idnd,  which  would  be  vitiated  to  some  extent  by  the  presence 
of  the  volatile  acids  in  butter,  and  we  have  therefore  experimented 
specially  with  the  actual  fats  mixed  together  in  certain  Icnown  propor- 
tions. 

The  manner  in  which  the  melting  point  of  butter  and  the  other  fats 
has  hitherto  been  usually  determined  has  been  very  inexact,  and  the 
method  pursued  has  been  such  as  to  render  it  impossible  that  the 
observations  of  any  two  observers  could  correspond.  The  method 
adopted  by  Messrs.  Angell  and  TIehner,  with  a  view  to  the  more 
accurate  determination  of  the  fusing  points  of  fats  was  as  follows: 
They  used  a  bulb  having  a  weight  of  3-4  gi'ammes  and  a  volume  of 
1  cc,  placed  this  on  the  surface  of  the  fat  contained  in  a  test-tube, 
and  observed  the  point  at  which  the  weight  became  immersed  in  it  as 
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it  slowly  melted,  the  tube  being  suspended  in  a  vessel  of  water,  the 
temperature  of  which  was  gradually  raised,  and  in  which  the  thermo- 
meter was  placed.  This  method  has  no  doubt  the  merit  of  fm-uishing 
results  which  are  strictly  comparative,  and  which  would  even  yield 
in  the  hands  of  other  observers  corresponding  residts.  We  have 
adopted  a  somewhat  difterent  method.  In  place  of  using  a  weight  we 
have  employed  a  float,  having  a  weight  of  0-18  gi-amme,  and  a  volume 
of  about  0-5  cc.  This  is  placed  in  the  bottom  of  the  test-tube,  a 
little  melted  fat  is  poured  upon  it,  which  is  allowed  to  become  solid 
in  order  to  fix  the  float,  the  tube  being  afterwards  filled  up  vrith  the 
fat,  the  melting  point  of  which  is  to  be  observed.  Lastly,  the  bulb  pf 
the  thermometer  was  immersed  in  the  fat  in  the  tube,  in  place  of  in 
tlie  water  sm-rounding  it.  The  latter  difference  in  the  mode  of  pro- 
cedm'e  is  one  of  considerable  importance,  as  the  water  naturally  has  a 
higher  temperatiu-e  than  the  fat  itself,  which  derives  its  heat  fi-om  the 
water,  a  difference  which  amounts  to  several  degrees. 

But  in  the  com-se  of  the  many  observations  made,  it  became 
evident  that  there  were  still  distm-bing  causes  at  work,  which  led  to 
variations  in  the  results  obtained,  which  were  at  fii-st  sm-prising  and 
difiicidt  to  explain.  The  principal  of  these  disturbing  causes  we  foimd 
to  consist  in  the  extent  to  which  the  fats  had  been  solidified  prior  to 
being  melted,  the  rapidity  vdth  which  the  temperatm'e  of  the  water 
in  which  the  tubes  were  immersed  was  raised,  the  weight  of  the  bulb, 
the  size  of  the  tubes,  the  height  of  the  column  of  fat,  and  the  irregular 
manner  in  which  the  fats  melted  if  the  diameter  of  the  tubes  exceeded 
by  more. than  a  trifle  that  of  the  bulbs  placed  in  them.  If  the  tubes 
were  large,  the  fats  woidd  melt  in  one  part,  chiefly  near  the  outside, 
and  be  solid  at  another,  so  that  the  ascent  of  the  bulb  was  in  some 
cases  imnaturaUy  retarded  thereby.  To  meet  these  som-ces  of  error, 
the  fats  were  always  solidified  by  immersion  for  an  hour  in  water  at  a 
temperature  of  13-3°  0.  The  diameter  of  the  tubes  used  was  one-thu-d 
of  an  inch,  and  the  height  four  inches.  These  properly  suspended, 
as  shown  in  the  diagram,  were  immersed  in  a  large  beaker  of  water. 
This  itself  was  placed  on  an  open  water-bath,  not  a  sand-bath,  the 
temperature  of  the  water  being  very  gradually  raised,  and  the  thermo- 
meters used  being  of  a  limited  scale  and  distinctly  gi'aduated  in  tenths 
of  a  degree  centigrade  (fig.  133). 

In  the  observations  the  results  of  which  we  are  now  about  to 
record,  not  merely  was  the  fusing  point  of  the  fats  taken  as  indicated 
by  the  rising  of  the  bidb,  but  the  point  at  which  the  fats  became  clear 
was  also  noted  ;  this  will  also  be  foimd  recorded,  and  it  will  be  seen 
that  there  is  a  difference  in  most  cases  of  about  one  degree  between 
the  two,  the  point  of  clearance  being  about  one  degree  higher. 
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Points  of  Fusion  and  of  Clearance  of  Butter. 


1 
2 
3 
4 
5 
6 
7 


Mean 


Point  of 
Fusion. 

34-0 
34-2 
33-4 
82-8 
33-6 
33-8 
84-3 

38-7 


Point  of 
Clearance. 

35-7 
35-6 
35-3 

35-  1 

36-  2 
36-3 
35-4 


35-5 


Points  of  Fusion  and  of  Clearance  of  other 

Point  of 
Fusion. 

4G-5 

48-6 
46-0 
38-7 
4M 
48-4 
51-6 
48-5 

46-  2 

47-  7 
47-4 

43-  7 

42-  6 

44-  6 

43-  5 


Fats. 


Beef  kidney 
Beef  caul 
Mutton  kidney 
Mutton  caul 
Veal  kidney 
Veal  caul 
Lamb  kidney 

»  >' 
Lamb  caul 


Pig  kidney 
Pig  caul 
T     ,    f  Home 
Lard  jrended 
Lard  (Irish)  . 
Beef  dripping  . 

(sirloin)  45-5 

Muttoa  dripping  (loin)  48-2 

"     C^^e)  42-3 

Pig  drippmg  .       •  'to'o 


Point  of 
Clearance. 

47-5 

46-  7 
49-5 

47-  0 
39-4 

42-  2 

49-  5 
52-9 

48-  7 
47-5 

50-  0 

49-  8 

46-  7 
4.5-4 

47-  9 
45-8 
4G-7 

50-  1 

43-  3 

44-  7 


Points  of  Fusion  and  of  Clearance  of  Mixtures. 
The  fusing  point  of  the  hutter  used  for  the  mixtm-es  in  this 
the  following  series  of  experiments  was  34-3°. 


Percentage  of 
Foreign  Fat. 

10 
20 
30 
40 
60 
60 
70 
80 
90 
100 


I. — Beef  Kidney  Series 

Point  of 
Fusion. 

35-9 
37-8 
39-8 

41-  4 

42-  7 
44  0 
45-0 

45-  6 

46-  1 
46-5 


Point  of 
Clearance. 

37-1 

40-  0 

41-  7 

43-  0 

44-  1 

45-  0 

46-  2 

47-  0 
47-4 
47-5 
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ll.—3Iuttnn  Kidney  Series. 

Percentnge  of  Point  o£ 

Foreign  Fat.  Fusion. 

10  .      .  87-8 

20      .  .      .  40-1 

30      .  .      .  41-9 

40      .  .      .  43-1 

50      .  .      .  44-8 

60      .  .      .  45-8 

70      .  .      .  47-0 

80      .  .      .  47-6 

90      .  .      .  48-1 

100      ..      .  48-6 

in. — Pig  Kidney  Series. 

Percentage  of  Point  of 

Foreign  Fat.  Fusion. 

10       .  .       .  36-4 

20       .  .       .  38-2 

SO       .  .       .  40-2 

40      .  .      .  42-1 

50      .  .      .  43-6 

60      .  .      .  44-5 

70      .  .      .  45-2 

80      .  .      .  46-1 

90      .  .      .  470 

100      ..      .  47-7 

IV. — Lamb  Kidney  Series. 

Percentage  of  Point  of 

Foreign  Fat.  Fusion. 

10      .      .      .  37-3 

20      .  .      .  39-0 

30      .      .      .  40-9 

40      .      .      .  42-5 

50      .      .      .  44-2 

60      .      .      .  45-6 

70      .      .      .  46-3 

80      .      .      .  47-0 

90      .      .      .  47-7 

100      ,.      .  48-4 


Point  of 
Clearance. 

41-  0 

42-  1 

43-  3 

44-  2 

45-  8 

47-  0 

48-  2 

48-  7 

49-  2 
49-5 


Point  of 
Clearance. 


37-5 
39-3 
41-3 

43-  5 

44-  9 

46-  5 

47-  5 

48-  4 
49'2 
50-0 


Point  of 
Clearance. 

38-6' 
40-3 
42-1 

44-  0 

45-  6 

46-  6 

47-  5 

48-  2 

49-  0 
49-5 


V. — First  Mutton  Dripping  Series. 


Percentage  of 
Foreign  Pat, 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Point  of 
Fusion. 

36-8 
88-6 
40-5 

42-  2 

43-  6 

45-  0 

46-  0 

46-  7 

47-  5 

48-  2 


Point  of 
Clearance. 

38-7 
40-5 

43-  0 

44-  5 

45-  9 

47-  2 

48-  2 

49-  0 

49-  7 

50-  1 
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VI. — Second  Mutton  Dripping  Series. 

Percentage  of  Point  of  Point  of 

-  Fusion.  Clearance. 

35-3       .       .       .  35-7 


Foreign  Fat 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


36-  3 

37-  0 

37-  9 

38-  7 

39-  4 

40-  1 

40-  9 

41-  5 

42-  3 


87-4 

38-  0 

39-  2 

40-  1 

41-  0 

41-  9 

42-  6 

43-  1 
43-3 


VII. — Pork  Dripping  Series. 


Percentage  of 
Foreign  Fat. 

10 
20 
30 
-  40 
50 
60 
70 
80 
90 
100 


Point  of 
Fusion. 
35-0 
35-9 

37-  3 

38-  0 

39-  0 

39-  9 

40-  7 

41-  6 

42-  5 

43-  5 


Point  of 
Clearance. 

36-0 
36'8 

38-  0 

39-  1 
401 

41-  0 

42-  0 

42-  7 

43-  8 

44-  7 


VIII. — Mixtures  of  Stearin  and  Olein. 


ercentage  of 
Stearine. 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Point  of 
Fusion. 

47"5 
52-1 

55-  0 

56-  5 

57-  5 

58-  4 

59-  0 

59-  7 

60-  4 

61-  5 


Point  of 
Clearance.  Appearance. 

50-2  Half  liquid. 

644  Buttery. 

56'5  Lardaceous. 

57-  3  Consistence  of  beef  fat. 

58-  3  Ditto  of  mutton  fat. 

59-  1  Very  hard. 
59-7  ditto 

00-4  ditto 

61-  3  ditto 

62-  6  ditto 


Prom  an  examination  of  the  preceding  series  of  experiments  it 

""^Tt'Tbat  the  true  melting  point  of  butter  .^^^g^^^"^  32-8  to 
^4-9  •  the  mean  of  aU  the  observations  made  bemg  33  7.  ihe  po  nt 
of  cie™  of  butter  and,  as  will  be  seen  of  the  other  fats  also 
^perimented  upon,  is  always  somewhat  higher  than  the  pomt  of 
ftia^nn  there  beino-  usually  about  1°0.  diflerence. 
'""Sk!  That  th'e  meltinl  points  of  beef  kidney  fat  -utton  ndoey^ 
lamb  kidney  and  pig  kidney  fat,  varied  from  38-7  to  51  G,  the  mean 
being  46-90. 
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3rd.  That  the  fusing  points  of  beef  caul  fat,  mutton  caul,  veal  caul, 
lamb  caul  and  pig  caul  fat,  ranged  from  41  ■!  to  48-5,  the  mean  being 
45-8. 

4th.  That  the  fusing  point  of  lard  varied  from  42-6  to  44-6,  the 
mean  being  43-6.  ; 

5th.  That  the  melting  point  of  beef  dripping,  mutton  dripping,  and 
pig  di-ipphig  varied  from  42-3  to  48'2,  the  mean  being  44-6  ;  showing, 
on  the  whole,  a  much  lower  melting  point  than  the  fats  themselves 
from  which  the  drippings  were  derived. 

It  will  thus  be  seen  that  there  is  a  very  wide  difference  between 
the  melting  points  of  butter  and  the  whole  of  the  fats  above  enu- 
merated, so  great  indeed  as  to  afford,  with  the  more  precise  methods 
of  procedm-e  ah-eady  described,  a  means  of  detecting  the  presence  of 
any  admixture  of  those  fats  with  very  great  ease  and  absolute  cer- 
tainty. 

Not  only  can  the  fact  of  the  adulteration  of  butter  with  these  and 
many  other  fats  be  thus  detennined,  but  the  extent  of  admixtiire  or 
adidteration  may  be  approximately  arrived  at.  Both  these  positions, 
and  especially  the  former,  are  abundantly  established  by  the  observa- 
tions above  given. 

The  series  of  observations  taken  vrith  mixtm-es  of  pure  stearin  and 
oleiu  possess  a  different  and  special  interest.  It  might  have  been  pre- 
sumed that  they  would  have  shown  the  relative  proportions  of  the  two 
glycerides  in  mixtures  of  different  fusing  points.  In  place  of  their 
doing  so,  however,  the  results  an-ived  at,  as  will  be  seen  above,  are  of 
a  siu-prising  and  unexpected  character.  Thus,  a  mixtm-e  of  olein  with 
only  10  per  cent,  of  stearin  had  a  fusing  point  equal  to  that  of  pure 
beef  or  mutton  fat.  Now  it  is  quite  certain  that  these  fats  contain  a 
very  much  larger  proportion  of  stearin  and  palmitin  than  10  per 
cent.  The  explanation  of  these  anomalous  results  is  probably  to  be 
found  in  the  want  of  incorporation  and  real  union  between  the  olein 
and  the  stearin,  so  that  the  melting  point  of  the  stearin  contained  m 
the  mixture  approximates  more  or  less  closely  to  that  of  pure  stearin. 
Still,  it  will  be  noticed  that  the  melting  point  increases  vsdth  the  pro- 
portion of  stearin  present,  not  unifonnly,  but  in  a  remarkably 
diminishing  scale.  The  same  want  of  uniformity  in  the_  ratio  of 
increase  of  the  melting  point  is  also  apparent  on  an  examination  of 
the  other  series  of  experiments  with  mixtures  of  different  fats. 

The  results  of  these  investigations  appear  to  us  practically  to  settle 
the  question  of  the  adulteration  of  butter  with  animal  fats.  Of  coiirse, 
it  is  quite  possible  to  conceive  of  mixtures,  specially  prepared  with  a 
view  to  deceive,  having  the  same  fusing  point  as  butter,  but  the  further 
question  to  be  asked  is :  Are  such  mixtures  to  be  found  and  sold  as 
butter  ?  We  have  not  to  deal  with  chemical  curiosities,  but  simply 
with  those  articles  which  are  met  with  and  sold  under  the  name  of 
•  and  as  butter. 

We  have,  therefore,  two  methods,  both  of  them  reliable,  and  hence 
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very  valuaUe,  for  the  detection  of  the  adulteration  of  butter  with 
animal  fats,  namely,  the  method  of  Messrs.  Angell  and  Hehner,  based 
upon  the  amount  in  butter  and  other  fats  of  the  fixed  fatty  acids,  and 
that  to  the  description  of  which  this  article  is  devoted,  founded  upon 
the  dillerent  melting  points  of  butter  and  aU  the  fats  ordinarily  em- 
ployed in  its  sophistication. 

We  will  now  proceed  to  describe  the  method  of  Messrs.  Angell 
and  Hehner,  above  referred  to.  .         ■,•      i  i 

Messrs.  Angell  and  Hehner  first  attempted  to  estimate  directly  the 
amoimt  of  the''  volatile  acids  contained  in  butter.    They  saponified  a 
weio-hed  quantity  (usually  3  grammes)  in  a  porcelain  basm  with 
caustic  potash,  frequently  stirring  with  a  glass  rod.    The  clear  butter 
soap  was  transferred  to  a  flask  or  retort,  and  decomposed  by  means  ot 
dilute  sulphiu'ic  acid.    This  mixture,  which  contained  sulphate  ot 
potash    o-lycerin,  aud  the  volatile  acids  in  solution,  and  the  insoluble 
fatty  acids,  as  stearic,  palmitic,  and  oleic  acids,  floating  on  the  top,  was 
distilled,  and  the  acidity  of  the  distiUate  estimated  by  means  ot  a 
soda  solution  of  know  strength.    They  found  from  4v9  to  / -48  per 
cent,  ot  the  volatile  acids  in  the  distillate.    The  practical  dilhculties 
of  this  method,  as  the  violent  bumping  of  the  boihng  liquid  and  the 
impossibility  to   obtain  a  distfllate  perfectly  free  from  acid,  led 
Messrs  Ano-ell  and  Hehner  to  adopt  a  somewhat  different  and  more 
indh-ect  method  of  the  estimation  of  the  volatile  acids.    'The  volatile 
acids  are,  as  we  have  mentioned,  soluble  in  water,  whilst  palmitic, 
stearic,  and  oleic  acids  are  insoluble.    All  anmial/ats,  except  butter, 
are  mixtures  of  the  glycerides  of  the  thi-ee  latter  acids     Then-  equiva- 
lents being  very  high  and  nearly  equal,  the  theory  predicted  that  they 
would  yield,  on  saponification  and  decomposition  of  the  soap  witfi 
dilute  acid,  nearly  equal  amoimts  of  insoluble  acids.    Thus,  pure  pal- 
mitin  would  yield  95-28  percent,  of  pahnitic acid  ;  pure  stearin,  95-/ d 
per  cent,  of  stearic  acid;  and  lastly,  olein  95-70  per  cent  of  oleic 
Lid.   -All  animal  fats,  being  mixtures  of  these  three  ?lycendes 
should,  therefore,  yield  a  percentage  of  fatty  acids  ranging  from  Jo  .8 
ner  cent,  to  95-73  per  cent.,  or  say,  on  an  average,  about  95  5  per  cent. 
To  prove  this  theoiy  by  experiment,  3  grammes  ot  mutton  tat  were 
sanonified  in  a  porcelain  basin  with  a  concentrated  solution  of  potash. 
The  saponification  was  very  easy  and  qmck,  the  hquid  boi  mg  qmet  y. 
S  in-  nl  with  a  glass  rod  assists  very  greatly.  The  water  as  it  evaporate 
sl  ou  d^e  replaced  by  distilled  water,  so  as  to  keep  the  Mmd  a 
about  from  llo  to  2oJcc.    A  perfectly  clear  -^.P 
was  decomposed  with  dilute  hycfrochloric  acid.     The  latty  acids 
we  e  ?use7in  the  liquid  and  collected  on  a  previously  di-ied  and 
we  -hed  filter.    Befoi4  pom-ing  the  fatty  acids  on  to  the  filter,  the 
Ipei  must  be  well  moistened,  or  some  of  the  ff  J^^J  ^^J/J^ 
thiouoh  it.    They  were  washed  with  boiling  water,  dried  at  100  0 
■  amrweighed.    Obtained  95-63  per  cent.,  which  figm-e  agrees  with  the 
theory. 
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'  Butter,  which  contains  besides  paknitic,  stearic,  and  oleic,  also 
volatile  or  soluble  acids,  should  consequently  give  a  lower  amount  of 
insoluble  acids,  these  being  diminished  in  the  ratio  to  the  quantity  of 
the  soluble  acids.  A  weighed  quantity  of  butter  fat  was  saponified, 
exactly  as  was  the  mutton  fat  just  mentioned.  Obtained  80'07  per 
cent,  of  insoluble  acids,  or  9-5  per  cent,  less  than  any  other  fat  could 
have  given.'  Messrs.  Angell  and  Hehner  made  numerous  estimations  of 
the  amount  of  insoluble  fatty  acids  in  butter  and  other  fats,  and  foimd 
the  former  to  yield  from  85-40  to  86-20  per  cent.,  whilst  the  latter 
gave  invariably  a  quantity  approaching  very  closely  the  theoretical 
amount— namely,  95-5  per  cent.  '  The  average  of  the  results  is  85-85 
per  cent,  of  tixed  acids.  The  difference  between  the  quantity  of  fatty 
acids  found  in  butter  and  that  found  in  other  fats  is  therefore  on  an 
average  9-65  per  cent.  Mixtm-es  will  yield  quantities  lying  between 
85-85  and  95-5  per  cent.  An  adulteration  of  100  per  cent.,  i.e.  the 
substitution  of  any  foreign  fat  for  butter,  would  give  a  diflerence  of 
9-65  per  cent. ;  an  adulteration  of  10  per  cent.,  therefore,  would  give 
a  difference  of  0-965  per  cent.  Each  tenth  of  a  percentage  of  fatty 
acids  above  the  average  hgm-e  would  consequently  be  equal  to  1-036 
per  cent,  of  adidteration ;  but  it  would  be  unjustifiable  to  declare  a 
sample  of  butter  to  be  adulterated  because  the  fatty  acids  lie  thi-ee 
or  foiu-  tenths  of  a  percentage  above  the  average  figui-e.' 

Messi-3.  Angell  and  Hehner  have  proved  the  accm-acy  of  their  method 
by  mixing  butter  and  foreign  fats  in  known  proportions,  and  estimating 
the  amount  of  fixed  fatty  acids.  The  mixtm-es  yielded  invariably 
quantities  closely  approximating  to  the  calcidated  amounts. 

Mr.  Tm-ner,  public  analyst  of  Portsmouth,  has  suggested  the  em- 
ployment of  alcohol  with  a  view  to  hasten  the  saponification  of  the  fat ; 
this  it  effects  by  rendering  it  soluble  and  so  facilitating  and  quickening 
the  action  of  the  alkali  upon  it,  the  saponification  being  thereby  effected 
in  a  few  minutes. 

About  30  or  40  cc.  of  spirits  of  wine  are  added  to  the  butter  in  a 
small  glazed  porcelain  dish,  and  heated  over  the  water-bath  to  near  the 
boiling  point.  About  5  grammes  of  solid  caustic  potash  are  then 
added,  and  from  time  to  time  a  few  drops  of  water  to  facilitate  its 
solution,  the  liquid  being  stirred  all  the  time.  In  this  manner  the 
butter  becomes  rapidly  saponified.  The  clear,  yellowish  solution  is 
then  freedfrom  all  alcohol  over  the  water-bath,  and  the  soap  decomposed 
as  already  described.  Care  should  be  taken  to  remove  all  the  alcohol, 
as  a  small  quantity  of  the  fatty  acids  might  be  held  dissolved  should 
any  alcohol  remain,  and  so  lead  to  an  erroneous  result. 
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CHAPTER  XX. 
CHEESE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  substance,  animal,  vegetable,  or  mineral,  excepting  salt  and 

annatto. 

Cheese  consists  chiefly  of  the  cm-d  of  milk,  ripened  hy  keeping,  with 
more  or  less  of  the  butter  and  a  variable  quantity  of  water. 

THE  MANOTACTTTRE  OP  CHEESE. 

The  cm-d  is  usually  precipitated  from  milk  by  means  of  a  solution 
of  rennet,  which  is  prepared  from  the  dried  stomach  of  the  call  and 
sometimes  the  pig.  ^  -f 

It  may  be  precipitated  by  means  of  acids,  but  these  are  rarely  it 
ever  employed  in  this  country  in  the  making  of  cheese ;  also  by 
several  other  substances,  as  pure  curd,  old  cheese,  the  natm-al  fluids  oi 
the  stomach,  the  first  ej^tract  of  malt  and  som-  leaven.  Professor 
Johnston  particularly  recommends  trials  to  be  made  of  the  pure  pre- 
nared  curd.  '  If,'  he  remarks,  '  we  are  able  to  rescue  the  manufacture 
of  rennet  out  of  the  mysterious  and  empirical  hands  of  the  skilled  dairy- 
maid, and  by  the  use  of  a  simple,  abundant,  easily  Pf  P^"^^^ 
rennet,  can  command  at  once  a  ready  coagulation  of  the  milk  and  a 
ciSd  natm-ally  sweet,  or  of  a  flavour  which  we  had  foreseen  and  com- 
mended, we  Ihould  have  made  a  considerable  step  towards  the  per- 
fection of  the  art  of  cheese-making.'    ,     ^        .  , 

Pm-e  cm-d  may  be  prepared  in  the  following  manner :-  Heat 
a  qifantity  of  milk  which  has  stood  for  five  or  six  hours ;  let  it  cool 
and  sepaYate  the  cream  completely.  Add  now  to  the  milk  a  httle 
^ne'ai-  and  heat  it  gently.  The  whole  ^vill  coagulate,  and  the  cm^ 
3lfeparate.  Pour  off"  the  whey,  and  wash  the  cm-d  well  l^J  l^ead- 
^]\t  with  repeated  portions  of  water.  When  pressed  and  dned 
the  casein  will  be  sufticiently  pure  for  ordmaiy  P^TOses.  It  maj^^^^ 
made  still  more  pm-e  by  dissolving  it  m  a  weak  solution  of  cai  bonate 
Tsoda  allowing  the  solution  to  stand  for  twelve  hours  in  a  shallow 
fessel  LepaS  any  cream  that  may  rise  to  the  surface,  again  throw- 
Wc^^rcui-d  by  vinegar,  washing  it  frequently,  and  occasionahy 
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boiling  it  -with  piu-e  water.  By  repeating^  the  process  three  or  four 
times  it  may  be  obtained  almost  entirely  free  from  the  fatty  and  saline 
matters  of  the  milk.' — '  Transactions  of  the  Highland  Agricultural 
Society.' 

The  following  is  the  modus  operandi  oi  rennet :  it  promotes  the  con- 
version of  the  sugar  of  milk  into  lactic  acid,  which,  acting  like  other 
acids,  occasions  the  precipitation  of  the  curd,  although,  as  already 
mentioned  in  the  article  on  '  Milk,'  rennet  seems  to  possess  the  property 
of  precipitating  casein  independent  of  the  formation  of  any  acid. 

It  has  been  objected  to  rennet  that  by  it  a  readily  fermentable  and 
decomposable  substance  is  introduced  into  the  cheese,  frequently 
causing  it  to  pass  into  a  state  of  decomposition. 

It  has  been  also  objected  that  the  stomachs  from  which  it  is  pre- 
pared are  often  in  a  dii'ty  and  more  or  less  decayed  condition,  and  that 
the  strength  of  the  rennet  made  is  tery  uncertain. 

In  order  to  obviate  these  latter  objections  the  preparation  of  a  solu- 
tion of  rennet,  of  standard  and  ascertained  strength,  has  been  sug- 
gested ;  salt,  saltpetre,  and  other  additions  being  made  to  ensure  its 
preservation.  Such  a  solution  would  appear  to  possess  several  advan- 
tages. 

The  proportions  of  casein  and  butter  in  cheese  vary  with  the  kind 
of  milk  from  which  the  cheese  is  made ;  thus  simn  milk  cheese  is  much 
poorer  in  butter  than  that  made  from  cream  or  whole  milk. 

Cheshire  cheese  is  of  com-se  made  fi'om  whole  milk ;  Stilton  from 
cream ;  while  cream  cheese  consists  of  the  fresh  curd  of  whole  milk. 

The  salting  of  cheese  may  be  effected  in  several  ways  ;  the  salt  may 
be  added  direct  to  the  fi-esh  curd,  and  this  is  the  method  usually  prac- 
tised in  Scotland  ;  or  the  newly  made  cheese  may  be  immersed  in  a 
solution  of  brine  ;  or  the  sm-face  may  be  rubbed  with  dry  salt— these 
methods  are  practised  in  Oheshii'e  ;  or,  lastly,  the  salt  may  be  added  to 
the  milk  pre\-ious  to  the  precipitation  of  the  curd.  By  this  method 
the  cm-d  is  veiy  equally  salted,  but  the  quantity  of  salt  required  is  very 
large,  the  greater  part  of  it  being  retained  in  the  whey. 

The  curd,  before  being  compressed,  is  cut  into  small  pieces  so  as  to 
allow  the  whey  to  drain  off ;  it  is  then  placed,  after  being  salted,  in  the 
moulds,  a  heavy  weight  being  put  upon  it,  but  in  some  cases  it  is 
subjected  to  the  progressive  action  of  a  screw  press. 

It  is  kept  for  some  time  in  a  cool  place  until  it  has  undergone  a 
kind  of  fermentation,  whereby  it  acquires  the  peculiar  flavour  and  the 
properties  of  cheese. 

The  changes  which  take  place  dm-ing  the  ripening  process  have  not 
yet,  we  believe,  been  satisfactorily  determined  ;  but  some  interesting 
particulars  will  be  found  recorded  in  Pelouze  and  Fremy's  '  Traits 
de  Chimie ' — their  accuracy  may  in  some  particulars  be  doubted,  and 
assuredly  they  need  confirmation.  It  appears,  however,  certain  that 
leuein,  butyric,  eaproic,  caprylic,  ccvpric,  lactic,  and  valerianic  acids, 
together  with  ammonia,  are  generated,  the  acids  combining  vnth  the 
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alkali  to  form  salts.  It  is  stated  tliat  as  much  as  21  per  cent,  of  these 
ammonia  salts  have  heen  found.  The  ammonia  is  douhtless  derived 
from  the  decomposition  of  a  portion  of  the  casern. 


THE 


COMPOSITION  OF  CHEESE. 

The  following  analyses  exhibit  the  percentage  composition  of  most 
of  the  principal  kinds  of  cheese  met  with  in  the_  market.  The  first 
series  is  recently  made  by  the  author,  the  second  is  by  Payen :— 

First  Series. 


Water  . 
Fat 

Casein  . 
Ash  . 

American. 

Gloncester- 
Bliire. 

Dutch. 

Cheddar. 

Stilton. 

Cream 
Cheese. 

30-13 

32-  88 

33-  81 
3-18 

32-52 
29-94 
31-70 
5-84 

32-78 
27-57 
32-81 
6-84 

30-10 
36-54 
80-15 
3-21 

31-37 
36-58 
27-66 
4-39 

30-34 
67-32 
2-02 
0-32 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Water  . 
Fat 

Casein  . 
Ash 

Chester. 

Brie. 

Neuf- 
chatel. 

Mar- 
seilles. 

Boqne- 
fort. 

Holland. 

Gruyfere. 

Parme- 
san. 

30-39 
25-41 
35-58 
4-78 

53-99 
24-83 
15-29 
5-63 

61-87 
18-74 
14-58 
4-25 

40-07 
28-73 
23-87 
5-98 

26-53 
32-31 
32-45 
4-45 

41-41 

25-  06 

26-  24 
6-25 

32-05 
28-40 
34-56 
4-79 

30-31 
21-68 
35-07 
7-09 

96-16 

99-74 

99-44 

98-60 

95-74 

98-96 

99-80 

94-15 

Tt  thus  annears  that  the  composition  of  cheese  is  \eij  variable,  the 
vari^tioraZS  the  whole  of  its  constituents.    Of  course  these  dif- 
ferences are  exSned  to  a  large  extent  by  corresponding  differences  in 
he  MndTnd  iSode  of  preparation  of  the  cheese  bu    -  cheeses  of  the 
same  name  and  character  gi-eater  uniformity  will  be  to  exi^t 

Thus  for  the  purpose  of  determining  whether  a  cheese  be  pure  or 
notTt  Zt  first  b'e  cLsified,  and  it  must  then     ^^f  ™- J  ^^t" 
it  is  a  cream   whole  milk,  or  skim-milk  cheese,  and  wbether  it  is  a 
tSlXe^^^'or"  oft,  like  'cream  cheese.    Th-e  naW  d^^^^^^^^ 
the  composition  of  cheese  render  it  somewhat  difficult  to  deal  wi.tn  tne 

'""'fZ^ollL'^tXeTt^^  ash  of  two  samples  of  cheese:  1.  of 
hand  cheese ;  and  2,  of  Swiss  cheese, 
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Hand  cheese. 

Swiss  cheese. 

Potash 

4-85 

2-4G 

Soda  . 

7-33 

3-67 

XjiinG  •      •  • 

2-55 

17-82 

Magnesia  . 

None.  .  . 

,  0-81 

Ferric  oxide. 

0-11 

0-17 

Carbonic  acid 

0-03 

0-08 

Phosphoric  acid  . 

.  13-68 

.  20-45 

Chloride  of  sodium 

.  72-47 

.  55'37 

101-02 

100-83 

It  -will  be  seen  that  the  principal  portion  of  the  ash  of  cheese  is 
made  up  of  chloride  of  sodium,  but  it  also  contains  notable  quantities 
of  phosphoric  acid  in  combination  with  lime,  potash,  and  soda,  espe-" 
cially  the  former. 

AlfAIXSIS  OP  CHEESE. 

In  making  an  analysis  of  cheese  it  is  usually  only  necessary  to 
determine  the  tuater,  fat,  casein,  ash,  and  salt ;  in  some  cases,  howeyer, 
it  may  be  desii-able  to  ascertain  the  amoimt  of  sugar  and  ammonia 
present. 

Estimation  of  water. — 2  or  3  grammes  of  cheese  should  be  cut  into 
very  fine  slices,  and  di-ied  on  the  water-bath  in  a  platinum  dish  until 
they  cease  to  lose  weight. 

Estimation  of  fat. — Next  the  fat  may  be  estimated  in  the  dried 
cheese,  which  should  be  first  transferred  to  a  small  flask,  by  exhaustion 
with  boiling  ether.  The  quantity  of  fat  may  be  ascertained  either  by 
the  evaporation  of  the  ethereal  solution,  or  by  noting  the  loss  of  weight 
of  the  dried  cheese.  It  is  necessary  that  the  cheese  should  be 
thoroughly  dry,  or  the  ether  will  not  act  upon  it.  If  in  any  case  the 
cheese  be  not  dry,  it  should  be  first  moistened  with  a  few  di-ops  of 
strong  alcohol,  after  which  the  ether  will  dissolve  the  fat  without, 
difficulty. 

Esti7nation  of  casein. — This  is  estimated  with  sufficient  accuracy 
by  igniting  the  residue  insoluble  in  ether,  and  deducting  from  it  the 
weight  of  the  ash. 

Another  method  would  be  by  determining  the  amoimt  of  niti-ogen 
by  the  ordinary  combustion  process. 

Estimation  of  sugar. — -The  only  cheese  which  contains  any  appreci- 
able quantity  of  sugar  is  cream  and  other  soft  cheeses,  and  tMs  may 
be  extracted  from  the  residue  after  the  removal  of  the  fat  by  means  of 
ether,  by  treating  first  with  strong  alcohol  and  then  with  boiling 
water. 

Estimation  of  ash. — This  may  be  obtained  either  by  incinerating  a 
quantity  of  the  cheese  itself,  or  in  the  manner  above  refeiTed  to.  Tf  it 
be  desired  to  estimate  the  amount  of  salt  in  the  ash,  the  usual  estima- 
tion of  chlorine  by  means  of  a  solution  of  nitrate  of  silver  is  to  be 
made. 
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Estimation  of  ammonia.— Khout  50  grammes  of  cheese  are 
thorouffhly  exhausted  by  means  of  repeated  additions  of  hoihng  water 
After  filtration  the  solution,  which  contains,  besides  the  sugar  and 
chloride  of  sodium,  the  ammonia  salts  of  the  volatile  acids,  is  trans- 
ferred to  a  retort,  and  rendered  alkaline  by  means  of  caustic  potash. 
It  is  then  distilled,  and  in  the  distillate  the  alhahmty  is  estimated  by 
a  standard  solution  of  either  hydrochloric  or  sulphuric  acid 

The  volatile  acids  may  be  obtained,  together  with  hydrochlonc  acid, 
by  boiling  a  portion  of  the  watery  solution  obtained,  as  above  described, 
■with  dilute  sidphuric  acid. 

THE  ADTTLTEBATIONS  OF  CHEESE. 

Colounnq  with  annatto.—Weh&ye  referred  in  the  article  on  annatto 
to  the  practice  of  colom-ing  cheese  with  annatto— &  practice  which  we 
have  shown  to  be  useless,  to  entail  some  unnecessary  expense,  and,  m 
consequence  of  the  adulteration  of  annatto  with  injurious  substances, 
to  be  attended  in  some  cases  with  risk  to  health.  ,  p    .  i 

Other  coloming  matters  are,  however,  sometimes  employed  tor  tlie 
same  pmrpose  as  annatto;  ne^melj,  manffold ^otoers,  safran,^^^^^^^^ 
iuice  of  led  carrots;  but  most  of  the  paler-colom-ed  and  aU  the  h  gh- 
coloiu:ed  cheeses  derive  the  whole  of  their  colour  from  annatto.  btilton 
and  Cheddar  cheese  are  never  colom-ed  m  any  way.       ^,  ^  ^,  . 

It  maybe  objected  to  the  whole  of  these  substances  that  their  em- 
ployment serves  no  useful  purpose.  ri  •  „  ^aa^a  tn 
^  Flavoring  toith  A«-6s.-Variou3  articles  are  likewise  added  to 
cheese  to  flavoni-  it,  and  to  impart  a  gi'een  or  diversified  colour. 

'In  some  dairies,  the  leaves  of  sage,  parsley,  and  other  herbs, ^re 
infused  into  cheese  to  give  it  a  green  colour.  In  ^^l^ei- dairies  part  of 
the  cm-d,  when  ready  for  the  press,  is  exposed  m  a  sieve  to  the  air 
S  oXrthat  it  may  become  Oxygenated,  and  may  -nde^  the  cheese 
into  which  it  is  mixed  with  newly  prepared  curd,  of  a  diversified 
coW  and  of  a  disposition  to  nm  speedily  into  putndity  In  a  le^ 
dais  rapid  putridity  is  induced  by  an  mtermixtm-e  of  beaten  pota- 
toes In  Ross-shire,  cheeses  are  for  severa  days  buried  withm  sea- 
maii  S  order  that  they  may  acquire  a  blue  colour  and  a  pecuhar 
Ss  e  •  and  in  France,  a  considerable  quantity  of  cheese_  receives  an 
oWve  smS,  resembling  that  of  a  pigstye,  from  the  mtei-mixture 
of  fenueTcek. — Rural  Cyclopeedia.  ^  ^  ;„ 

Adllteration  with  ,otJtoes.-Ghee.e  is  made 
Thm-ingiaand  Saxony,  in  this  manner :-' After  having  collected  a 
auantitv  of  potatoes  of  good  quality,  giving  the  preference  to  a  laige 
St  Ld,  they  are  boiled  in  a  cauldron  and  alter  l^ejming  ool 
they  .are  peeled  and  reduced  to  a  pulp,  either  by  means  of  a  ^ater  or 
mortar  To  five  pounds  of  this  pulp,  which  ought  to  be  as  equal  as 
posS'e  is  addid  one  pound  of  som-  milk,  and  the  necessary  quantity 
Ef  sdt. '  The  whole  is\neaded  together,  and  the  mixture  covered  up 
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and  allowed  to  lie  for  three  or  four  days  according  to  the  season.  At 
the  end  of  this  time  it  ia  kneaded  anew,  and  the  cheeses  are  placed  in 
little  baskets,  when  the  superfluous  moisture  escapes.  They  are  then 
allowed  to  dry  in  the  shade,  and  placed  in  layers  in  large  vessels,  where 
they  must  remain  for  fifteen  days.  The  older  these  cheeses  are,  the 
more  their  quality  improves.  Three  Irinds  of  them  are  made.  The  first, 
which  is  the  most  common,  is  made  according  to  the  proportions  just 
given ;  the  second,  with  four  parts  of  potatoes  and  two  parts  of  curdled 
milk ;  the  third,  with  two  parts  of  potatoes  and  four  parts  of  cow  or 
ewe  milk.  These  cheeses  have  this  advantage  over  other  kinds,  that  they 
do  not  engender  worms,  aud  keep  fresh  for  a  number  of  years,  provided 
they  are  placed  in  a  dry  situation  and  in  well-closed  vessels.' — Quar- 
terly Journal  of  Agriculture. 

Adulteration  loith  bean  meal. — Cheeses  are  likewise  made,  in  some 
cases,  with  hean  meal,  which  contains  a  much  larger  proportion  of 
niti'ogen  than  the  potato,  and  hence  such  cheeses  will  be  much  more 
nutritious  than  those  made  with  potatoes. 

Adulteration  loith  Venetian  red  and  reddle. — Venetian  red  and 
reddle  are  often  employed  to  coat  or  colom-  the  outer  surface  of  many 
cheeses,  especially  Dutch  cheese.  This  practice  is  objectionable  in 
itself,  but  is  particidarly  so  in  consequence  of  the  Venetian  red  some- 
times containing  lead. 

Sulphate  of  copjjcr  and  arsenic. — The  outer  siu'face  or  rind  of  the  ■ 
cheese  is  sometimes  washed  over  with  a  solution  of  these  in  order  to 
protect  the  cheese  from  the  attacks  of  the  cheese  mite  and  other  para- 
sitic productions.     This  practice  is  also  vei-y  objectionable,  since 
many  persons  not  unfrequently  eat  the  rind  of  the  cheese. 

Results  of  the  Examination  of  Samples, 

Ttoenty  samples  of  cheese  were  subjected  to  analysis  with  the  follow- 
ing results : — 

All  were  artificially  coloured,  in  most  cases  with  annatto. 
In  none  was  lead  present. 

Several  were  coloured  on  the  outside  with  Venetian  red  or  reddle 
ground  up  into  a  paste  with  grease. 

In  none  of  the  cheeses  ivas  any  substance,  either  organic  or  mineral, 
present,  added  for  the  purpose  of  increasing  the  bulk  and  weight  of  the 
cheese. 

These  results  are  so  far  satisfactory,  especially  as  respects  lead. 

It  must  not  be  concluded,  however,  from  the  results  of  these  twenty 
examinations,  that  lead  derived  from  the  adulterated  annatto  employed 
to  colour  the  cheese  is  never  present.  If  it  occur  only  in  one  sample 
out  of  a  hundred,  much  mischief  would  result  in  some  cases. 

That  it  does  sometimes  occur  in  both  annatto  and  cheese  is  proved 
by  the  evidence  of  Accum  and  Mitchell. 

Accum,  at  page  276  of  his  '  Treatise,'  affirms  that  several  instances 
had  come  under  his  knowledge  in  which  Gloucester  cheese  had  been 
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contaminated  with  red  lead,  and  had  produced  serious  consequences  on 
being  taken  into  the  stomacli.  In  some  of  these  cases  it  was  ascertained 
that  the  annatto  which  had  been  used  to  colour  the  cheese  was  itself 
colom-ed  or  adulterated  with  both  vermilion  and  red  lead. 

Mitchell  writes :  '  I  have  only  met  with  cheese  that  contained  lead 
on  one  occasion,  although  it  may  be  comparatively  common.' 

The  practice  of  coating  cheese  with  Venetian  red  and  reddle  is  even 
more  objectionable  than  the  use  of  adulterated  annatto,  since,  should 
this  contain  lead  in  any  case,  and  since  some  persons  are  thoughtless 
enough  to  eat  the  rind,  the  quantity  of  that  metal  consumed  would  be 
more  considerable. 

Although  cheese  escapes  for  the  most  part  the  hands  oi  the  adul- 
terator, it  does  not  escape  the  attacks  of  fungi,  animalcid&s,  and  insects ; 
to  these  it  is  particularly  prone,  in  consequence  of  its  being  so  very  rich 

in  nitrogen.  ,    x  j.i    j  ^ 

The  green  and  blue  colours  of  mouldy  cheese  are  due  to  the  develop- 
ment of  \  fungus,  Asjjen/illus  glaucus,  and  the  red  colour  or  mould  to 
another  fungus,  Spovendomima  cnsei. 

This  mouldiness  may  be  produced  in  comparatively  new  cheese  by 
inocidation.  _  hp 

This  is  sometimes  effected  by  inserting  into  the  new  cheese  rolls  ol 
mouldy  cheese,  extracted  by  the  scoop,  into  holes  previously  made  by 

the  same  scoop.  .  j  n  j 

It  is  said  that  large  pins  are  often  thrust  into  cheeses,  and  allowed 
to  remain  in  them  for  a  considerable  time  in  order  to  produce  the 
mouldiness.  This  is  .a  very  objectionable  proceeding,  as  in  this  case 
the  colour  is  due  partly  to  the  formation  of  a  salt  of  copper,  and  partly 
in  some  cases  to  the  development  of  the  fungus,  which  takes  place  in 
consequence  of  the  admission  of  air  into  the  interior  of  the  cheese. 

At  a  still  further  period  of  decay  cheese  is  attacked  by  the  well 
known  cheese  mite  or  acarus,  Acarus  siro  of  Linna3us,  now  called  Acarm 
domesticus,  and  which  is  so  small  that  it  is  scarcely  perceptible  with- 
out the  aid  of  the  microscope ;  the  dry  and  poiudery  parts  of  cheese^ 
comist  almost  entirely  of  these  acari  and  their  ova  tn  different  stages  of 

■^'""T  wroftln'^wonder  how  the  cheese  mite  is  at  hand  to  attack  a 
cheese  wherever  deposited ;  but  when  we  learn  from  Leewenhoek  that 
one  lived  eleven  weeks  gummed  on  its  back  to  the  point  of  a  needle 
without  food,  oui-  wonder  is  diminished,'  remark  Kirby  and  Spence. 
Both  these  cheese  maggots  and  mites,  when  numerous,  destroy  cheese 
rapidlv,  by  crumbling  it  into  small  pieces,  and  by  emitting  a  liqmd 
substance;  which  causes  the  decayed  parts  to  spread  speedily.  They  may 
easily  be  killed,  however,  by  exposure  to  strong  heat,  or  by  plun^ng  the 
cheese  in  some  liquid,  such  as  whiskey  capable  of  destroying  the  larviB 
without  communicating  any  disagi-eeable  tiavom- 

Besides  the  casualties  from  fermentation,  cheese,  when  yet  quite 
fresh,  is  subject  to  the  attack  of  the  cheese-fly  (^Piophtla  casei).  The 
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fly  is  ready  to  deposit  its  egg  in  the  deepest  crack  it  can  find,  by  means 
of  an  extensile  abdominal  tube.  The  specific  distinguishing  characters 
of  this  insect,  as  drawn  up  by  Mr.  Dimcau,  are  as  follow: — '  About  two 
lines  in  length,  the  whole  body  of  a  greenish-black  colour,  smooth  and 
shining  ;  front  of  the  head  reddish-yellow,  paler  yellow  on  the  under 


Fig.  134. 


Dust  of  old  Cheese,  magnifled  about  40  diameters,  composed  entirely  of  Acarus 
Siro  or  Cheese  Mite,  in  all  conditions  of  development  from  the  ova  upwards. 


aide.  Thighs  ochre-yellow  at  the  base  and  apex ;  tibia  deep  ochre,  the 
first  and  last  pair  black  at  the  apex ;  anterior  tarsi  black,  the  others 
ochrey,  with  the  two  last  joints  and  the  claws  black  ;  wings  clear  and 
iridescent,  slightly  tinged  with  rust  colour  at  the  base,  halteres  ochrey.' 
— Kirby  and  Spence's  Introduction  to  Entomoloyy. 
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The  cheese  maggots  produced  from  this  fly  are  as  large  as  the  fly, 
and  commonly  called  jumpers.  '  When  this  maggot  prepares  to  leap, 
it  first  erects  itself  on  its  anus,  and  then  tending  itself  into  a  circle, 
by  bringing  its  head  to  its  tail,  it  pushes  forth  its  unguiform  man- 
dibles, and  fixes  them  in  two  cavities  in  its  anal  tubercles.  All  being 
thus  prepared,  it  next  contracts  its  body  into  an  oblong,  so  that  the 
two  halves  are  parallel  to  each  other.  This  done,  it  lets  go_  its  hold 
with  so  violent  a  jerk,  that  the  sound  produced  by  its  mandibles  can 
be  easily  heard,  and  the  leap  takes  place.    Swammerdam  saw  one. 


Fig.  135. 


Anterior  and  posterior  views  of  Cheese  Mile.  Magnified  40  diameters. 


whose  length  did  not  exceed  the  fourth  part  of  an  inch,  jump  m  this 
manner  out  of  a  box  six  inches  deep,  which  is  as  if  a  man  six  feet  high 
should  raise  himself  in  the  air  by  jumping  144  feet;  he  had  seen 
others  leap  a  great  deal  higher.'— -BooA  of  the  Farm, 


THE  DETECTION  OF  THE  ADTTLTERATIGNS  OF  CHEESE. 

The  presence  of  annatto  is  sufficiently  indicated  by  the  colour,  very 
Obvious  in  most  cheese,  pai-ticularly  when  this  is  compared  with  an 
uncoloured  cheese,  such  as  Stilton.  . 

The  detection  of  potato.— ^mcQ  the  cells  of  potato  contain  a  lai^o 
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quantity  of  starch,  its  presence,  as  well  as  that  of  any  other  starchy 
substance,  will  be  at  once  ascertained  by  adding  to  a  minute  portion 
of  the  cheese  a  drop  or  so  of  a  solution  of  iodine.  The  cells  of  potato 
are  characterised  by  their  large  size  and  rounded  form  (fig.  108). 
They  would  be  best  seen  after  the  extraction  of  the  fat  by  means  of 
ether.  Of  course  potatoes  would  only  be  employed  in  the  adulteration 
of  cheese  after  they  had  been  cooked  and  mashed. 

The  quantity  of  potato  present  must  be  estimated  from  the  amount 
of  starch,  obtained  as  glucose  in  the  usual  manner  by  boiling  with 
dilute  siilphuric  acid  ;  100  parts  of  potato  contain  about  23  parts  of 
starch. 

The  detection  of  bean  meal. — For  the  detection  and  estimation  of 
this  we  must  proceed  exactly  as  in  the  case  of  the  mashed  potato.  The 
characters  of  the  starch  corpuscles  and  cellulose,  as  revealed  by  the 
microscope,  and  which  have  already  been  described,  will  serve  suffi- 
ciently for  its  identification. 

The  detection  of  animcd  fats. — It  is  quite  within  the  limits  of  pro- 
bability that  in  some  cases  animal  fat  may  be  employed  in  the 
manufacture  and  adulteration  of  cheese.  Such  an  adidteration  admits 
of  detection  in  the  following  manner : — About  100  grammes  of  the 
cheese  should  be  heated  in  the  water-bath,  when  the  fat  will  separate 
and  may  easily  be  pom-ed  off.  This  should  be  placed  in  a  test-tube, 
and  its  fusing  point  taken  in  the  manner  already  fully  described  in  the 
article  on  '  Butter,'  the  fusing  point  proving  whether  there  has  been  any 
admixture  of  animal  fat  or  not. 

On  the  detection  of  Venetian  red. — When  the  cheese  is  artificially 
coated  or  coloured,  the  coating  should  be  separately  examined  for 
iron  and  lead. 

The  general  method  of  proceeding  is  as  follows : — About  four  or 
five  gi-ammes  of  the  rind  of  the  cheese  should  be  incinerated  in  a 
porcelain  basin,  and  the  ash  tested  for  lead  and  iron  as  directed  else- 
where in  this'  work. 

The  detection  of  sulphate  of  capper  and  arsenic. — A  portion  of  the 
rind  of  the  cheese  should  be  incinerated,  the  ash  treated  with  nitric 
acid,  and  the  solution  rendered  alkaline  by  ammonia,  when  the  charac- 
teristic blue  colour  of  ammonio-cupric  sulphate  will  appear ;  or  if  the 
quantity  of  copper  be  very  small,  the  arumoniacal  solution  should  be 
acidulated  with  acetic  acid  and  tested  with  a  solution  of  ferrocyanide 
of  potassium,  which  will  produce  a  reddish-brown  coloration  or  pre- 
cipitate 0^ ferrocyanide  of  copjyer. 

The  detection  of  the  arsenic  is  a  more  complicated  and  difficult 
operation.  Upon  the  rind  of  the  cheese  pure  strong  hydrochloric  acid 
is  poured,  and  the  mixture  heated  in  the  watei'-bath.  Chlorate  of 
potash  is  then  to  be  added  in  small  quantities  at  a  time.  The  chlorine 
thus  evolved  destroys  most  of  the  organic  matter,  with  the  exception 
of  the  fat.  As  soon  as  the  liquid  becomes  clear  it  is  alloAved  to  cool, 
and  is  then  filtered,  whereby  the  fat  is  separated.    The  solution  is 
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heated  on  the  water  bath  until  all  smell  of  chlorine  has  disappeared. 
A  current  of  pm-e  sulphuretted  hydrogen  is  now  passed  tlu-ough  the 
liquid  for  at  least  twelve  hours,  it  being  heated  to  about  70°  C.  at  the 
same  time.    The  arsenic,  if  any  be  present,  is  thereby  precipitated  in 
the  form  of  sulphide  of  arsenic,  mixed  with  a  large  quantity  of  sulphui- 
and  organic  matter.    The  precipitate  is  collected  on  a  filter,  washed 
with  water  containing  some  sulphuretted  hydrogen  in  solution,  and 
dried.  The  fQter  with  the  precipitate  is  then  drenched  first  with  pure 
strong  nitric  acid  and  then  with  sulphm-ic  acid,  and  heated  on  the 
sand-bath  in  a  small  porcelain  basin  until  fumes  of  sulphm-ic  acid  begin 
to  escape     The  mass  is  then  allowed  to  cool,  and  the  arsenic  extracted 
with  water  acidulated  with  pure  hydrochloric  acid.  Sulphuretted  hy- 
drot^en  is  ao-ain  passed  through  the  liquid,  whereby  the  arsenic,  together 
with  any  heavy  metal  which  may  be  present,  is  thrown  down  in  the 
form  of  sulphides,  this  time  in  a  state  of  purity.    If  the  precipitate  be 
of  a  piue  yellow  coloui-  and  soluble  in  a  solution  of  carbonate  oi 
ammonia,  there  cannot  be  any  doubt  of  the  presence  of  arsemc ;  but 
if  it  be  black,  as  would  be  the  case  if  copper  be  present,  it  must  be 
washed  with  water  containing  siilphm-etted  hydrogen  and  then  ex- 
tracted with  yellow  sulphide  of  ammonium.    The  arsenic  passes  into 
solution,  whilst  thesidphide  of  copperremainsundissolved.  Ihe  liquid 
is  filtered  and  the  filtrate  is  acidulated  with  hydi-ochloric  acid,  whereby 
the  sulphide  of  arsenic  is  again  rendered  insoluble.    The  precipitate  ot 
sulphide  of  arsenic  is  collected  on  a  filter,  dissolved  in  ammonia,  and  the 
solution  again  precipitated  with  hydrochloric  acid.  Thus  the  sulphide 
of  arsenic  is  obtained  in  a  pure  state.  .    ,    .  ,    ,  -j  f 

For  its  fui-ther  identification  it  may  be  mixed  with  di-y  cyanide  ot 
potassium  and  carbonate  of  soda,  and  heated  in  a  slow  current  oi  car- 
bonic acid,  when  pure  arsenic  will  sublime.  ,  ^  ,  , 
If  the  metaUic  arsenic  thus  obtained  be  heated  with  access  ot 
air  by  breaking  off  the  closed  end  of  the  tube,  arsenious  acid  will  be 
formed,  which  sublimes  and  crystallises  in  the  cool  part  of  the  tube  m 
the  form  of  well-defined  octahedral  crystals,  plainly  visible  with  a  lens 
or  a  low  power  of  the  microscope. 
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CHAPTER  XXI. 
LARD  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  substance,  whether  animal,  vegetable,  or  mineral ;  as  dripping, 
farina  or  flour,  alum,  &c.,  excepting  water  and  salt,  which  should  not  exceed 
two  per  cent,  respectively. 

Lard  is  the  fat  of  tlie  pig  freed  from  the  tissues  in  which  the  fatty 
matter  is  contained.  The  process  by  which  this  is  separated  from  the 
vesicular,  fibrous,  and  vascular  tissues  in  which  it  is  either  enclosed, 
or  by  which  it  is  smTounded,  is  termed  lard  rending. 

The  pieces  of  fat  to  be  converted  into  lard  are  sometimes  salted  a 
little,  the  better  to  ensme  their  preservation,  and  are  stored  in  barrels. 
The  fat  which  immediately  surrounds  the  kidneys  yields  the  best  and 
pm'est  lard ;  this  is  owing  to  its  being  in  a  freer  state,  that  is,  it  is 
less  highly  organised.  The  process  is  as  follows : — The  pieces  of  fat 
are  scored  or  sliced  into  lesser  portions  of  an  inch  or  so  in  diameter  ; 
they  are  placed,  either  with  or  without  the  addition  of  a  little  water, 
in  cauldrons,  which  are  usually  of  ii'on.  The  mode  of  applying'  heat 
to  the  flare  varies  in  different  cases.  When  lard  is  made  on  a  small 
scale  the  flame  is  often  applied  directly  to  the  containing  vessel; 
sometimes  the  flare  is  melted  in  a  water-bath,  but  usxially  the  heating 
medium  is  steam,  which  is  contained  in  the  interval  between  the  inner 
and  outer  vessel  or  pan ;  occasionally  a  jet  of  steam  is  thrown  dii'ectly 
upon  the  flare  contained  in  the  copper.  The  oily  part  of  the  fat  melts 
out  and  floats  on  the  surface,  the  animal  matter  and  tissues  either 
forming  a  sciun,  which  is  skimmed  from  time  to  time,  or  sinking  as  a 
deposit.  As  the  oil  has  no  affinity  for  either  water  or  salt,  it  does  not 
take  up  any  of  the  water  which  may  be  present  with  it  in  the  copper, 
while  the  salt  used  to  preserve  the  fat  is  partly  held  in  solution  and 
partly  falls  as  a  sediment.  The  oil,  whilst  still  warm  and  fluid,  is 
turned  out  of  the  copper  through  a  tap,  and  is  received  either  into 
bladders  or  caslcs  termed  kegs,  and.  hence  the  division  ot  lard  into 
bladder  lard  and  keg  lard.  It  is  usually  the  best  description  of  lard 
only  which  is  stored  in  bladders,  keg  lard  being  for  the  most  part  of 
inferior  quality.  Good  and  pm-e  lard  should  be  entirely  free  from 
either  taste  or  smell ;  it  should  be  tii"ni  and  white,  and  when  melted 
be  almost  as  clear  and  transparent  as  water ;  subjected  to  a  tempera- 
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ture  of  atout  100°  0.,  it  should  liquefy  without  ebullition,  thus  show- 
ing the  absence  of  water,  and  should  not  throw  down  a  particle  of 
deposit.  Inferior  or  adulterated  lards  possess  characters  and  properties 
almost  the  reverse  of  these.  The  melting  point  of  lard,  as  determined 
by  the  author  with  considerable  care,  ranges  from  42-6  to  44-6,  the 
mean  of  several  observations  being  43-6°  C.  According  to  Braconnet 
its  composition  is  as  follows :— Stearin  and  margarin,  38  ;  olein,  62. 

Our  supplies  of  lard  are  derived  principally  from  Ireland,  part  also 
comes  from  America  and  Hambm-g,  while  London  and  om-  chief  pro- 
vincial cities  possess  lard  manufactories. 

THE  ADTfLTEKATIONS  OP  lARD. 

We  have  long  been  aware  that  lard,  like  nearly  every  other  article 
of  consumption,  is  liable  to  adulteration  :  indeed,  the  fact  that  it  is  so 
is  very  generally  known  to  dealers,  as  also  the  natm-e  of  the  principal 
adulterations  practised. 

The  chief  adulterations  of  lard  resemble  those  of  butter,  and  consist 
in  the  incorporation  with  it  of  loater  and  starch.  Sometimes  the  water 
only  or  the  starch  only  is  had  recourse  to  •,  in  others  both  these  adul- 
terations are  practised  on  the  same  lard. 

We  have  om-selves  met  with  many  samples  of  lard  adulterated  with 
potato  flour  ;  but  one  of  the  earliest  to  draw  attention  to  the  subject 
was  Mr.  George  Whipple,  in  a  communication  which  he  brought  before 
the  Pharmaceutical  Society,  and  which  was  noticed  in  its  J ournal  for 
January  1853 ;  in  this  he  states  that  he  had  detected  large  quantities 
of  some  farinaceous  substance  in  lard. 

'This  adulteration,'  wi-ites  Mr.  Whipple,  'was  discovered  m  the 
different  varieties  of  lard— from  the  finest  bladder  to  the  common 
firlrin  lard.  In  an  examination  of  the  contents  of  two  firkins,  weighing 
105i  lbs.,  a  quantity  of  farinaceous  substance,  amounting  to  22;^  lbs., 
was  separated.  The  contents  of  another  firkin,  weighing  43|  lbs., 
yielded  12f  lbs.  of  a  similar  substance.' 

In  the  next  number  of  the  same  journal,  Mr.  Calvert,  oi_  Man- 
chester, published  some  fui-ther  -observations  on  the  adulteration  of 
American  lard.  He  writes :  —  ' During  the  numerous  analyses  1 
made  some  three  years  since  of  various  articles  of  food  employed  in 
public  establishments,  I  analysed  several  samples  of  American  lard, 
and  therefore  may  add  to  the  fact  abeady  mentioned  by  Mr.  C-Teorge 
Whipple  in  your  last  number,  that  I  found  them  to  contain,  in  addi- 
tion to  starch,  from  10  to  12  per  cent,  of  water,  and  from  2  to  3  per 
cent,  of  alum,  and  about  1  per  cent,  of  quicklime.  . 

'  A  few  months  ago  I  was  able  to  ascertain  that  the  operation  is 
conducted  in  the  following  manner:—  _  , 

'  The  fatty  matters,  such  as  they  arrive  from  America,  are  melted 
with  a  little  water  in  false-bottomed  copper  pans,  through  which  cir- 
culates a  cmTent  of  steam.    The  dirt  and  other  heterogeneous  matters 
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fall  to  the  tottom  of  the  pans,  and  the  clear  grease  is  allowed  to  run 
into  a  wooden  vessel,  when  it  is  stirred  in  contact  with  cold  water  ;  it 
is  then  put  under  revolving  wheels  with  a  thick  paste  made  of  potato 
starch,  mixed  with  a  little  potash  alimi  and  quicklime,  which  appears 
to  facilitate  the  taking  up  of  the  water  and  starch  by  the  fatty  matter. 

'  The  cause  of  the  American  lard  appearing  so  white  is,  no  doubt, 
the  division  of  the  fatty  matter  thi-ough  the  interposition  of  the  starch, 
water,  and  alumina. 

'  The  quantity  of  alum  should  be  such  that  a  small  excess  should 
remain  to  prevent  the  starch  fi'om  becoming  mildewed ;  and  I  believe 
that  the  manufactiu-er  also  adds  it  for  the  pm-pose  of  commimicating 
to  the  lard  the  property  of  facilitating  the  raising  and  increasing  the 
whiteness  of  the  confectioners'  paste,  in  which  it  is  largely  employed.' 

It  should  be  understood  that  American  lard,  as  brought  to  this 
country,  is  not  in  general  adulterated.  The  adulteration  usually  takes 
place  subsequent  to  its  aii'ival,  and  is  the  work  of  some  of  oiu-  own 
manufactm-ers.  The  reason  why  American  lard  is  so  frequently  selected 
for  adulteration  is,  that  it  is  of  inferior  quality  and  value,  and  so  soft 
as  to  be  almost  fluid,  some  process  of  consolidation  being  indispensable 
before  it  can  be  employed  as  lard. 

From  information  received  from  a  respectable  lard-render,  it  ap- 
pears that  the  addition  of  a  small  quantity  of  mutton  suet  to  lard  is 
very  common.  It  is  used  more  particularly  in  warm  weather,  and 
with  soft  lards,  especially  American  lard,  which  difl'ers  from  ordinary 
lard,  in  that  it  consists  of  the  entire  fat  of  the  pig  melted  down,  and 
not,  as  is  the  case  with  the  best  English  lard,  of  the  fat  only  which 
siuTounds  the  kidneys.  Mutton  suet,  being  a  hard  and  fii-m  fat,  im- 
parts to  soft  lards,  even  when  added  in  veiy  small  quantities,  the  con- 
sistence and  solidity  requisite. 

It  appears,  therefore,  that  water,  starch,  alum,  and  caustic  lime 
have  all  .been  ascertained  to  be  employed  in  the  adulteration  of  lard. 
To  these  substances  we  may  add  the  following : — Carbonate  of  soda, 
carbonate  of  potash,  and  salt.  The  whole  of  the  above  adulterations 
may  be  readily  discovered. 

Results  of  the  Examination  of  Samples. 

The  results  of  the  examination  of  upwards  of  100  samples  of  lard 
were  as  follow : — 

1.  That  lard  is  not  unfrequently  extensively  achdtei-ated,  the  ingre- 
dients employed  being  luate)-  and  potato  Jlour,  as  well  as  certain 
saline  substances,  as  salt,  potash  alum,  carbonates  of  potash  and  of 
soda,  and  caustic  lime,  these  being  intended  either  to  cause  the  lard 
to  hold  water,  or  to  improve  its  consistence  and  colour. 

2.  That  the  description  of  lard  most  liable  to  adulteration  is  hey 
lard,  and  of  this,  particularly  that  which  is  manufactured  in  Eng- 
land ;  Irish  keg  lard  being  but  rarely  adulterated. 
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3.  That  of  upwards  of  one  hundred  samples  of  lard  submitted  to 
examination,  and  procured  chiefly  from  retail  dealers,  seven  -were 
found  to  he  adulterated  with  potato  starch. 

The  adulteration  of  lard  prevails  not  only  in  certain  localities,  but 
also  chiefly  at  certain  times— that  is,  whenever  a  suflicient  supply  of 
inferior  lard,  suitable  for  mixing,  can  be  procured  ;  for  it  is  said  not  to 
answer  to  adulterate  a  lard  of  R-ood  quality,  which  commands  a  high 
price,  and  which  is  spoiled  by  being  tampered  with. 

It  will  be  readily  perceived  that  the  qualities  of  a  lard  thus  adulte- 
rated must  be  seriously  impaired  for  almost  every  purpose  for  which 
it  is  employed :  thus,  of  course,  it  would  not  be  nearly  so  economical 
for  culinary  pvn-poses.  The  use  of  such  lard  in  machinery  might,  in 
pome  cases,  produce  serious  consequences  by  inapeding  its  action. 
Ijastly,  the  activity  of  aU  the  ointments  of  the  Pharmacopreia,  made 
with  such  a  lard,  would  be  much  injured,  especially  the  simple  and 
compound  iodine  ointments,  which,  if  starch  were  present,  would,  to 
the  astonishment  of  the  dispenser,  tui-n  blue,  or  almost  black,  in  the  act 
of  incorporation. 

The  Detection  of  the  Adulterations  of  Lard. 
The  first  thing  to  be  done  in  order  to  ascertain  whether  a  lard  be 
genuine  or  adulterated,  is  to  melt  it  at  about  a  temperature  of  100°  0. 
If  it  fuse  withoiit  ebullition  or  without  the  occurrence  of  a  deposit, 
we  may  safely  conclude  that  the  sample  is  genuine ;  bat  if  ebullition 
talie  place,  or  a  sediment  is  thrown  down,  the  lard  is  unquestionably 
adulterated. 

Detection  of  ivater. — The  adulteration  of  water,  and  the  quantity 
present,  may  be  thus  determined :— A  known  weight  of  lard,  say  2 
grammes,  is  to  be  exposed  to  heat  until  the  lard  ceases  to  lose  weight ; 
the  loss  indicates  the  quantity  of  water. 

Detection  of  starch. — The  presence  of  starch  may  be  discovered  by 
thoroughlv  mixing  a  drop  of  a  tincture  of  iodine  with  a  few  grains  of 
the  lard,  placed  upon  a  slip  of  glass  ;  the  lard  will  change  colour,  and 
become  deep  blue,  or  almost  black.  If  now  a  little  of  this  be  viewed 
under  the  microscope,  the  starch  corpuscles  will  themselves  be  seen 
coloured  by  the  iodine.  ...  ,  . 

To  determine  the  kind  of  starch  contained  m  any  sample,  we  must 
use  the  microscope.  A  minute  piece  of  the  lard  should  be  placed  on 
a  fflass  slide,  previously  thoroughly  warmed:  the  moment  the  lard  is 
melted  it  must  be  viewed  by  the  object  glass,  when  the  starch  cor- 
puscles will  be  distinguished  standing  out  as  clearly  as  though  they 

were  in  water.  t       n  v 

Another  way  in  which  the  starch  corpuscles  may  be  well  seen  by 
the  microscope,  is  to  spread  out  by  gentle  pressure,  between  two  pieces 
of  glass,  a  very  thin  stratum  of  the  lard,  or  the  fatty  matter  may  be 
first  removed  by  means  of  ether  and  the  residue  examined. 
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For  the  estimation  of  the  quantity  of  starch  present,  the  lard  should 
he  melted,  and,  while  still  Avarm,  successive  quantities  of  ether  should 
he  poured  upon  it  until  all  the  fat  is  removed.  The  residue  should 
then  he  dried  in  the  water-hath,  weighed,  incinerated,  and  the  weight 
of  the  ash,  if  any,  subtracted. 

Determination  of  the  saline  matter. — For  the  determination  of  the 
saline  matter,  10  grammes  of  the  lard  should  he  incinerated,  the  ash 


Fig.  136. 


Lard,  adulterated  with  Potato  starch.    Magnified  240  diameters. 


weighed  and  tested  in  the  usual  manner  hy  the  processes  for  the  esti- 
mation of  chlorine  and  sulphuric  acid  given  under  '  Tea,'  and  of 
lime  given  in  the  same  article.  The  alumina  may  he  easily  estimated 
by  dissolving  the  ash  in  hydrochloric  acid  and  precipitating  with 
ammonia,  which  will  throw  down  pure  alumina,  which  is  separated  by 
filtration,  washed,  incinerated,  and  weighed,  as  described  in  the  article 
on  'Bread.' 

The  carbonates  of  soda  or  potash  are  detected  by  the  alkaline 
reaction,  and  the  effervescence  of  the  ash  with  acids.  They  may  be 
estimated  by  extraction  of  the  ash  with  water,  and  tnking  the  alka- 
linity by  means  of  a  standard  solution  of  sulphuric  acid. 
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CHAPTER  XXII. 
ISINGLASS  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Admixture  with  gelatin,  or  substitution  thereof  for  isinglass. 

Isinglass  is  the  air  tag,  or  swimming  Madder,  sometimes  called  the 
soSd,  of  various  fish,  cMefly  of  the  stui-geon  tribe,  and  belonging  to 

*^^Thirb^-*iT  membrane  filled  with  air,  situated  near  the  spine, 
above  the  centre  of  gravity.  In  most  fish  it  commumcatss  with  the 
Oesophagus,  or  stomach,  by  a  duct,  which  is  known  as  the  ductus 
ZZ^aticLs,  in  others  the  duct  is  imperforate;  oecasiona^y  there 
fre  two  sacs,  one  anterior  to  the  other,  and  communicating  by  a 

'^°?h*^'at  bag  is  made  up  of  an  external  or  peritoneal  covering;  a 
middle  fibrous,  and  in  some  cases  muscular  coat;  and  an  internal, 

"'^'MtinTat TeW  ^Pe-  of  fish  from  -^ic^^^K™ 
isino^lass  is  derived  ■.-Acipmm-  Huso  or  the  Beluga,  A.  Gouldenstadhi 
Tie  oZt^^  A.  EuthenL  or  the  Sterlet,  A.  Stellatus  or  the  Sewruga, 

""T^  S^tS  ^  i3  oMained  m  «  parts  ^ 
thel^^ffromsevera^^^^^^^^ 

SeS;fs"rX'M^^^^^^^  common  cod,  tL  form  being 

%Tr'antcS^?ttUeries  and  the  ^J^J^ 
dryino.  of  the  swimming  bladder,  the  reader  is  refen-ed  to  the  author  s 

-°?I:^;slSi£^s»r^ 

'"UmotT^liort  staple  and  book  isinglasses  are  usuaUy  of  inferior 
^^t^ddition  to  isingl^s  mrpo^ed^^^  -M^q^ 
V^^^^^l^Z^o^'rt^^  we  have  noticed. 
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Indeed,  Brazilian  isint/lass  is  only  fit  for  fining  purposes,  and  for  such 
it  is  almost  wholly  bought  up  by  the  proprietors  of  large  brewing 
establishments,  who  consiuue  nearly  the  entire  quantity  imported. 


Manufacture  of  Isinglass. 

On  the  arrival  of  the  isinglass  in  this  country,  the  best  kinds  are 
submitted  to  a  com'se  of  preparation  before  they  are  ready  for  con- 
simiption. 

The  Beluga  leaf  is  closely  examined,  and  all  discoloured  parts  cut 
away ;  the  ciittings,  and  other  pieces  not  deemed  good  enough  for  the 
hest',  ai-e  placed  aside  as  seconds  or  thirds.  These,  in  some  cases,  are 
used  for  fining  the  better  descriptions  of  ales,  but  more  generally  for 
wines,  liqueurs,  &c.  It  is  also  rolled  and  cut  into  shreds  for  domestic 
purposes,  where  colour  is  not  an  immediate  object. 

Purse  isinglass  is  mostly  sold  to  the  brewers,  who  consume  a  vast 
quantity  in  the  fining  of  their  several  beverages. 

Long  and  short  staple  isinglass  is  extensively  demanded  by  cider- 
makers,  confectioners,  and  others,  to  whom  it  is  sold  in  the  same  state 
as  imported  into  this  coimtry. 

Leaf  isinglass  taken  from  the  Beluga,  after  having  been  picked 
from  all  impure  or  discoloured  pieces,  constitutes  the  very  best  article, 
either  for  dietetic  use,  or  for  the  higher  class  of  clarifying  purposes. 
This  description  of  isinglass  has  to  undergo  a  process  of  manufactiire 
before  it  is  ready  for  use.  What  are  termed  perfect  specimen  leaves 
are  nearly  round,  the  bladder  having  been  opened  _  longitudinally, 
about  two  feet  in  circiunference,  and  weigh  from  eight  to  sixteen 
oimces,  according  to  the  thickness  of  the  sound.  It  is  not  uncom- 
mon, however,  to  meet  with  heavier  samples,  some  having  been  known 
to  reach  four  pounds. 

A  steam-engine  of  some  eight  or  ten  horse-power  is  generally  used 
under  the  present  method  of  preparing  isinglass,  the  adjunct  machi- 
nery consisting  of  a  series  of  powerful  rollers,  airanged  in  pairs  in  a 
manner  resembling  those  used  for  expressing  the  juice  from  the  sugar- 
cane. The  rollers  when  in  motion  are  fed  with  leaf  isinglass  as  fast  as 
possible,  which,  in  passing  between  the  two  rollers,  becomes  amalga- 
mated and  spread  out,  and  is  expelled  from  the  opposite  side  of  the 
rollers  in  one  continuous  sheet.  The  isinglass  thus  rolled. is  called 
'  ribbon,'  but  it  is  not  yet  readv  for  the  process  of  cutting. 

The  sheet  or  '  ribbon '  is  probably  a  sixth,  eighth,  or  tenth  part  of 
an  inch  in  thickness,  and  as  it  is  necessary  to  reduce  it  until  it  is  as 
thin  as  writing  paper,  it  is  passed  through  rollers  more  closely  set, 
until,  as  the  thickness  diminishes,  the  desired  result  is  obtained  ;  the 
width  of  the  '  ribbon,'  of  course,  increasing. 

It  is  to  be  remarked  that  in  rolling,  the  ribbon,  being  confined  to 
the  width  of  the  rollers,  generally  about  two  feet,  increases  only  length- 
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wise,  and,  when  completed,  can  be  folded  or  rolled  up  in  tlie  same 
manner  as  a  lenp:tli  of  common  linen. 

After  a  brief  delay,  for  the  purpose  of  drying,  the  next  and  last 
process  of  cuttino-  is  effected.  By  the  introduction  of  modern  machi- 
nery, this  part  of  the  preparation  of  isiu-lass  is  performed  with  sui- 
nrisino-  celerity,  and  the  material  is  cut  into  very  fane  shreds.  _ 

The  cutting  machine  is  a  cylinder  with  some  hye  or  six  keen- 
edo-ed  blades  fixed  in  a  tangential  direction  to  the  cylinder,  ihe 
same  engine  which  serves  to  roll  out  the  i«i°f?l^f '  ^«  .'^f O^o^^^' 
suffices  to  turn  this  little  machine  at  the  rate  of  some  800  or  1,000  re- 
volutions per  minute ;  taking  a  low  estimate,  we  will  s^iPPo?^;*  ton« 
800  times  On  examining  the  cylinder  we  fand  five  or  six  l^l^des  set 
in  it,  and  as  each  of  these  Icniyes  severs^  a  shred  from  the  width  ot 
the  'ribbon,'  while  the  cutting  process  is  going  on,  it  lollows  tnat 
fom-  or  five  thousand  shreds  are  cut  in  the  short  space  of  one  minute. 

Such  is  the  plain  and  simple  method  of  preparing  cut  isinglass. 

There  are,  however,  many  consumers  who  still  prefer  the  old- 
fashioned  style  of  hand-cut  isinglass.  In  this  case,  the  thin  ieat  is 
pulled  to  pieces  with  the  fingers  or  divided  into  strips  with  scissors,  a 
^ork  mostly  performed  by  women.  •    i  j 

The  shreds  of  isino-lass,  softened  in  cold  water  and  examined  under 
the  microscope,  are  seen  to  possess  a  fibrous  structure  a  jesse  s, 
granular  cells,  and  nuclei  being  scattered  here  and  theie ;  it  is,  in 
fact,  an  organised  substance  (fig.  137). 

THE  ADTJITBEATIONS  OP  ISHfGLASS. 

The  principal  adulteration  of  isinglass  is  with  gelatin,  an  article  in 
every  respect  inferior  to  isinglass.  j.  •  •    i  n^^o 

tsually  shreds  of  gelatin  are  mixed  with  those  of  ismgkss.  Occa- 
sionally the  gelatin  is  incorporated  with  the  isinglass  while  it  is  in 

^^^Most  frequently,  however,  gelatin  is  substituted  for  isin-lass  The 
best  iinoS  of  course,  is  Russian;  this  is  often  deteriorated  by 
admixtoe  w  th  a  very  inferior  article,  termed  Braz^l^an  rsmgla^  ; 
Whe?  cases,  this  is 'substituted  for  the  better  and  more  valuable 
description  of  isinglass. 

Eesutts  of  the  Examination  of  Samples. 
Oltwentv-eiqht  samples  of  isinglass  subjected  to  examination  ten, 
or  more  thai  one-third,  of  the  samples  consisted  entirely  of  gelatix. 

THE  DETECTION  OF  THE  ADTTLTERAIIONS  OF  ISINGLASS. 

Between  isinglass  and  gelatin  several  well-mai;ked  distinctions 
exist  Tome  of  these  are  sufficiently  sunp le  to  enable  the  ordmaiy 
obsS;er  himself  to  distinguish  the  one  aiticle  from  the  other. 
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All  tliat  is  necessary  to  eftect  the  discrimination  is  to  spread  a  few 
of  the  filaments  out  on  a  slip  of  glass,  to  moisten  them  with  water, 
and  after  the  lapse  of  a  few  minutes  to  note  well  the  appearances  pre- 
sented by  them. 

Ising-iass  and  gelatin  differ,  especially  in  the  following  characters  :— 
The  shreds  of  isinglass,  when  immersed  in  cold  water,  become 
white,  opaque,  soft,  and  swollen. 

The  swelling  is  equal  in  all  dii-ections,  so  that,  when  viewed  with 

Fig.  137. 


Ml.  -   ■•  ■ . . •,/ ,4r4:' .  °  ■ -A. 


Sections  of  shreds  of  Gelatin  and  Isingi-ass.  Upper  figure,  Gelatin ;  lower, 
Isinglass.   Magnified  75  diameters. 

a  low  power  of  the  microscope,  the  shreds  appear  more  or  less  quad- 
rangular. 

In  boiling  water  they  dissolve  nearly  without  residue. 

The  smell  of  the  dissolved  isinglass,  when  hot,  is  somewhat  fishy, 
but  not  unpleasant. 

The  moistened  shreds,  or  the  solution,  exhibit  to  test  paper  a  neutral, 
or  faintly  alkaline,  and  rarely  a  sliglitly  acid  reaction. 
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Under  the  microscope  the  filaments  exhibit  a  well-marked  fibrous 
structm'e. 

In  acetic  acid  they  swell  up,  and  become  soft  and  jelly-like,  the 
greater  part  of  the  structure  being'  lost. 

Lastly,  '  The  ash  which  results  from  the  incineration  of  prood  Rus- 
sian isinglass  is  of  a  deep  red  colour  ;  it  contains  but  a  small  portion  of 
carbonate  of  lime,  and  never  amounts  to  more  than  nine  per  cent,  of 
the  isinglass  used.' ' 

The  shreds  of  gelatin,  on  the  contrary,  when  placed  in  cold  water, 
sweU  up,  acquire  increased  transparency,  and  become  translucent  and 
glass-like. 

The  form  which  the  shreds  take  in  swellmg  is  pecuhar :  they  do 
not,  like  those  of  isinglass,  swell  equally  and  remain  quadrilateral,  but 
become  expanded,  flat,  and  ribbon-like,  the  broad  surfaces  correspond- 
ing to  the  incised  margins. 

The  diy  shreds  on  the  uncut  surfaces  frequently  present  a  peculiar, 
shining  lustre,  not  unlike  that  of  tinsel. 

In  boiling  water  they  do  not  entirely  dissolve,  but  in  most  cases  a 
copious  deposit  falls  to  the  bottom  of  the  glass. 

The  smeU  of  the  hot  infusion  is  like  that  of  glue,  and  therefore  dis- 
agreeable. »     ,    .  11  ^ 

The  moistened  filaments,  or  the  solution  of  gelatin,  usually  exhibit 
a  strong  acid  reaction :  this  in  some  cases  is  due  to  the  substances  used 

in  bleaching  it.  _  i  ^     i    .i.  i 

They  show  no  structure  under  the  microscope,  but  only  the  marJis 
of  the  instriunent  employed  in  cutting  them. 

Immersion  in  dilute  acetic  acid  hardens  gelatin. 

Lastly,  the  ash  is  difierent  from  that  of  isinglass  in  amount,  colour, 
and  composition.  '  100  grains  of  gelatin  give  from  2-3  to  2;6  grams 
of  ash,  which  is  white,  contains  much  carbonate  of  lime,  with  some 
chlorides  and  sulphates.'— XeiAeSy.  _ 

It  is  therefore  very  easy  to  distinguish  between  isinglass  and  gela- 
tin, even  when  the  shreds  of  the  two  articles  are  mixed  together  m  the 

^™Thrd^crunination  is,  however,  much  more  difficult  when  they  are 
both  incorporated  in  the  same  shreds  or  strips  ;  nevertheless,  by  means 
of  the  microscope,  this  adulteration,  firet  described  by  Dr.  Redwood, 
may  frequently  be  discovered.  ,     ,     ■,  • 

If  on  examination  with  that  instrument,  the  shreds,  after  immersion 
in  cold  water  for  a  few  minutes,  exhibit  a  thick  border  of  a  clear  and 
structm-eless  substance,  there  is  no  doubt  but  that  the  shreds  are  coated 

^^SoS'of  the  better  lands  of  Brazilian  isinglass  are  manufactured  in 
the  same  way  as  Russian,  and  sold  at  a  cheaper  rate.  No  doubt,  in 
some  instances,  this  is  mixed  with  or  sold  as  the  best,  and  it  has  been 

1  '  Pharmaceutical  Journal,'  vol.  x.  p.  127. 
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ascertained  that  acids  and  other  chemicals  have  heen  used  to  improve 
its  colour  ;  but  the  test  of  good  isinglass  is  in  the  jelly  made  therefrom. 

The  jelly  made  from  Russian  isingiass  dissolves  readily,  fm-nishes 
scarcely  any  sediment,  and  is  remarkably  firm,  pure,  and  translucent. 

On"  the  other  hand,  Brazilian  isinglass  makes  a  far  inferior  jelly, 
with  these  remarkable  diflerences :  that  whilst  Russian  isinglass  is  firm 
and  fi-ee  from  deposit,  Brazilian  isingiass  leaves  a  deposit  of  insoluble 
matter  amounting  to  20  or  30  per  cent.,  is  less  readily  dissolved,  and 
the  jeUy  is  opalescent  and  milky. 

On  making  blanc-mange  with  the  purest  Russian  isingiass,  milk  is 
needed  to  impart  the  snow-white  colour  of  that  jelly ;  but  in  the  case 
of  Brazilian  isinglass  hot  water  alone-  will  render  it  nearly  of  that 
colom*.  It  is  almost  needless  to  add  that  the  blanc-vianc/e  is  much  in- 
ferior in  quality,  and  the  large  percentage  of  insoluble  matter  renders 
the  jeUy  proportionately  weak. 

The  quality  of  any  isinglass  may  easily  be  tested  by  dissolving  a 
small  portion  in  a  glass  vessel,  with  about  a  tablespoonful  of  boiling 
water.  The  best  Russian  isinglass  vdll  instantly  dissolve,  and  scarcely 
a  particle  of  sediment  remain ;  the  soluble  matter  in  this  article 
being,  according  to  the  best  authorities,  ninety-eight  grains  in  every 
hundred. 

The  same  test  applied  to  Brazilian  isinglass  will  extract  the  gelatin, 
but  the  shi-eds,  from  their  fibrous  character,  do  not  entirely  dissolve ; 
they  tui-n  white  and  retain  their  form,  unless  distm-bed,  in  which  case 
thev  break  up,  and  form  a  deposit  at  the  bottom  of  the  vessel. 

If  Russian  isinglass  be  adidterated  with  Brazilian,  the  admixture 
may  easily  be  detected  by  the  insoluble  shreds,  or  white  deposit,  which 
is  siu:e  to  appear  in  proportion  to  the  amount  of  Brazilian  isinglass 
that  may  be  introduced.  The  smell  of  the  latter  also  is  strong,_far 
from  pleasant,  and  forms  a  great  contrast  with  the  faint,  inoffensive, 
seaweed-like  odom*  of  Russian  isinglass. 
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CHAPTER  XXIII. 
GELATIN  AND  ITS  ADULTERATIONS. 

DEFINITIOK  OF  ADULTERATION. 

Any  addition  of  salt  or  sugar. 
PEEPAEATION  OP  GELATIN. 

We  have  been  at  some  pains  to  prociu-e  the  following  information 
respecting  the  manufacture  of  gelatin. 

Ordinary  gelatins  are  made  from  those  pieces  of  skins  which  are 
cut  oft"  by  the  tanner  as  unfit  for  making  leather,  in  consequence  of 
thickness.  The  best  description  is  prepared  fi-om  the  skms  of  calves 
heads ;  these  are  separated  from  the  whole  skins  after  they  have  passed 
throuo-h  the  process  of  Inning,  to  remove  the  hair  from  them. 

The  skins  are  next  well  washed  to  get  rid  of  the  lime,  and  all  the 
pieces  of  flesh  and  fat  are  carefully  cut  out ;  some  manufactm-ers  soak 
them  for  a  short  time  in  a  dilute  solution  of  muriatic  acid,  to  remove 
any  remaining  portion  of  lime  ;  but  this  practice  is  both  mjurious  and 
unprofitable.  The  acid  forms  with  the  lime  chloride  of  calcium, 
wWch,  if  it  is  not  carefully  removed  by  washing,  is  boiled  up  with  the 
sldns,  and,  being  soluble,  remains  in  the  gelatin ;  a  portion  oi  the 
skins  is  also  dissolved  by  the  acid,  and  is  thrown  away  m  the  water 
employed  in  washing  them,  which  thus  occasions  a  loss  m  weight. 

In  some  cases  the  skins  are  boiled  whole,  m  others  they  are  cut  into 
small  pieces,  or  even  reduced  to  a  pulp  by  a  machine  especiaUy  con- 
structed for  the  pm-pose.  .    .    i    r  i  •  •  +„ 

If  the  skins  are  cut  into  fine  pieces  instead  of  being  put  into  the 
boiler  whole,  the  gelatin  will  be  better,  that  is,  it  be  of  a  hghter 
colom- ;  and  the  process  is  more  economical,  as  one-half  tne  time  will 
be  saved  in  the  boiling,  and  much  less  heat  an(i  fuel  required.  As 
fhe  ge?atin  is  darkened  by  prolonged,  boiling,  the  reduction  of  he 
sldns  to  a  pulp  is  a  point  of  very  gi-eat  importance  in  the  manufacture 
of  gelatiniso  much  so,_  that  Mr.  Swinburne  has  obtained  a  patent  lor 
this  method  of  preparation.  _ 

The  sldns  are  boiled  ^vith  water,  m  the  proportion  of  about  one 
gallon  of  water  to  seven  pounds  of  sMn ;  a  small  quantity  of  common 
St  is  added  to  preserve  the  gelatin.  After  it  has  boiled  for  about 
twelve  hours,  it  is  strained  and  clarified  with  white  of  eggs,  and  then 
run  upon  gla^s  plates  ;  as  soon  as  it  is  solid,  it  is  cut  into  slices  and 
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laid  upon  nets  to  dry,  in  a  room  heated  to  a  temperature  of  about  80°. 
If  the  room  is  not  heated,  the  siu-face  of  the  gelatin  becomes  covered 
vdth  small  air-bubbles ;  when  the  gelatin  is  di-y  it  is  cut  by  a  machine 
in  the  same  manner  as  ising-lass.  ^   ^.i    j-  o 

The  size  of  the  glass  plates  varies  according  to  the  fancy  of  the 
raanufactm-er.  The  ordinary  size  is  fifteen  by  eighteen  inches,  but  m 
some  cases  they  are  three  feet  square ;  the  plates  or  shces  of  gelatin 
are  generally  about  fifteen  inches  long  by  three  wide. 

Thouo-h'the  skin  of  the  head  of  the  calf  only  is  used  for  malnng 
o-elatin  the  whole  of  the  skins  both  of  the  calf  and  ox  are  perfectly 
adapted  for  the  purpose,  but  are  not  used,  as  they  are  much  more 
valuable  for  conversion  into  leather. 

In  some  cases,  especially  in  warm  weather,  the  skins  used  are  some- 
what decomposed,  but  this'is  not  generally  the  case.  This  condition, 
althouo-h  removed  to  some  extent  by  repeated  washings,  cannot  be 
entirely  remedied ;  hence  gelatin  made  from  such  damaged  skins  wiU 
always  retain  a  smell  and  taste  more  or  less  disagreeable. 

French  gelatin  is  usually  much  whiter  than  English ;  this  is  owing 
principaUy  to  the  calves  being  Irilled  in  France  much  younger  than  m 
this  coimtry. 

Gelatin  is  likewise  prepared  from  the  bones  of  the  ox  and  the 
sheep.  It  is  obtained  by  boiling  bones  in  water  under  pressm-e.  It 
is  more  readily  procured  by  employing  bones  which  have  been  pre- 
\nously  digested  irt  hydrochloric  acid  to  extract  the  phosphate  of  lime. 
'  In  this  way  a  nutritious  soup  is  prepared  in  Paris  for  the  hospitals 
and  other  pauper  habitations.  Gelatin  has  been  extracted  from  ante- 
diluvian bones.  A  soup  was  prepared  fi'om  the  bones  of  the  great 
mastodon  by  a  prefet  of  one  of  the  departments  of  France.'— Pereera. 

In  the  '  London  Joiu-nal  of  Arts  and  Sciences,'  a  publication  which 
contains  the  specification  of  new  patented  inveutions,_  we  find  the 
following  description  of  a  patent  gi-anted  to  George  Philbrick  Swin- 
biu-ne,  of  Pimlico : —  . 

'  The  patentee  commences  his  specification  by  stating  tnat  nereto-r 
fore,  in  manufactm-ing  gelatin,  it  has  been  usual  (with  one  exception) 
to  act  on  large  pieces  of  hides  or  skins,  and  to  employ  acids  and 
alkalies,  too-ether  with  mechanical  and  other  processes,  which  occupy 
considerable  time,  and  are  likewise  costly;  and  in  the  excepted  case 
above  refen-ed  to  it  has  been  the  practice  to  reduce  the  pieces  of  hide 
into  the  state  of  pulp  in  a  paper-machine,  and  then  to  employ  blood 
to  purify  the  product  obtained.  .  t  j. 

'  This  invention  consists  in  the  following  more  simple  mode  of 
manufacturing  gelatin:— The  patentee  takes  hides  or  slnns,  or  parts 
thereof,  as  fresh  and  as  sweet  as  possible,  and  free  from  hair,  and  he 
reduces  the  whole  into  shavings  or  thin  slices  or  films,  by  any  suitable 
instrument ;  he  scales  the  shavings  or  films  for  about  five  or  six  hops 
in  cold  water,  and  then  changes  the  same  ;  he  repeats  such  changing 
of  the  water  two  or  three  times  each  day,  until  no  smell  or  ta-ste  is  to 
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lie  detected,  either  in  the  water  or  in  the  shavings,  and  then  he  removes 
the  shavings  from  the  water.  If  this  product  is  intended  for  soup,  it 
is  dried  on  nets,  and  is  then  readj^  for  use.  If  gelatin  is  to  be  ex- 
tracted, the  shavings,  after  the  above  soaldng,  are  put  into  a  suitable 
vessel,  with  a  quantity  of  water,  sufficient  to  cover  them  when  pressed 
down,  and  they  are  subjected  to  a  heat  not  exceeding  boiling  water. 
When  dissolved  the  gelatin  is  to  be  sti-ained  through  linen  or  other 
fabric,  subjected  to  slight  pressm-e  with  the  hands  or  otherwise,  or  the 
solution  may  be  permitted  to  run  off  from  the  vessel  without  straiu- 
ino-,  by  -which  means  much  of  the  gelatin  will  be  separated  from  the 
fibrous  matters.  The  product  of  gelatin  thus  obtained  is  run  in  thin 
films  on  to  a  smooth  sm-face  of  slate,  or  other  suitable  material,  to  set ; 
it  is  then  rsmoved  on  to  nets  to  dry,  and  when  dry  it  is  cut  up  with 
an  isinglass  cutter  or  other  suitable  apparatus.  The  residue,  dried  or 
not,  may  be  used  for  thickening  soup,  and  other  culinary  purposes.' 

'  Another  manufacture  of  gelatinous  substances  is  produced  by  the 
following  process,  from  cod  sounds,  or  other  fishy  matters  capable  of 
yielding"  gelatin  :— These  matters  are  reduced  to  shavings  or  thin 
fihns,  soaked  in  water,  subjected  to  the  action  of  heat,  and  the  gelatin 
strained  or  run  off  as  above  described.  The  patentee  obtained  a  first, 
second,  and  third  product  of  gelatin,  which  he  foi-ms  into  sheets,  and 
when  dry  cuts  up  the  same  with  an  isinglass  cutter.  This  manufactm-e 
of  gelatin  will  be  found  highly  useful  as  a  cheap  substitute  for  isinglass 
for  clarifying  liquids.' 

Inferior  gelatin  is  used  in  large  quantities  by  paper-makers,  straw 
hat  and  silk  manufacturers ;  but  these  parties  generally  pm-chase  the 
skins,  and  prepare  the  gelatin  themselves.  _ 

Unlilve  isinglass  the  shreds  of  gelatin,  as  already  noticed,  examined 
with  the  microscope,  are  seen  to  be  composed  of  a  transparent  and 
perfectly  homogeneous  substance  (see  fig.  137).  _ 

Glue  is  quite  a  distinct  manufacture  from  gelatin,  and  is  seldom_ 
carried  on  by  the  same  parties.  It  is  made  from  bones,  refuse  pieces  ot 

skins,  and  hoofs.  .      •,     ■,      ^  ^  ^.■ 

Dry  gelatin,  when  quite  pure,  is  colom-less,  transparent,  elastic  and 
vet  brittle,  tasteless  and  odom-less,  heavier  than  water,  and  insoluble  in 
alcohol  or  ether.  When  immersed  in  cold  water  it  swells  up  and 
absorbs  about  40  per  cent,  of  that  liquid.  It  is  soluble  in  hot  water 
and  is  precipitated  from  its  concentrated  aqueous  solution  by  alcohol. 
Bv  prolonged  boiling  it  loses  its  power  of  gelatinising,  and  the  solu- 
tion on  evaporation  leaves  a  residue  which  attracts  moistm-e  from  the 
air  It  contains  a  small  quantity  of  sulphur,  and  pelds,  as  the  average 
of  all  the  reliable  analyses  made,  17-9  per  cent,  of  nitrogen. 

It  is  precipitated  by  tannic  acid,  but  not  by  salts  ot  lead,  alum,  or 

TiSquLuVsohltion  is  very  prone  to  putrefaction;  it  becomes  acid, 
and  aftenvards  gives  off  ammonia  freely.  This  property  ol  first  be- 
coming acid  is  said  to  be  peculiar  to  gelatin. 
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Gelatin  is  dissolved  by  concentrated  sulphuric  acid  in  tlie  cold. 
The  solution,  when  diluted  Avith  water  and  boiled,  yields  leucin  and 
ijlycocin  or  sugar  of  gelatin.  By  boiling  a  solution  of  gelatin  with 
dilute  sulphm-ic  acid  for  several  days,  Gerhard  obtained  sulphate  of 
ammonia  and  a  considerable  quantity  of  saccharine  matter  convertible 
into  alcohol  and  carbonic  acid  by  fermentation. 

It  is  oxidised  by  boiling-  nitric  acid,  oxalic  acid  and  other  com- 
pounds being  formed. 

Gelatin  dissolves  phosphate  of  lime,  forming  with  it,  in  some 
instances,  chemical  combinations. 

The  precipitate  of  gelatin  with  gallo-tannic  acid  is  insoluble  in 
water,  alcohol,  and  ether ;  and  when  dried  contains  about  74-6  per 
cent,  of  gelatin,  but  the  composition  of  the  precipitate  does  not  appear 
to  be  very  constant. 

Gelatin,  according  to  Liebig,  possesses  the  property  of  inducing 
sacchariiication. 

THE  ADUITERATIONS  03?  GELATIJr. 

The  addition  of  a  small  quantity  of  salt,  with  the  view  of  ensiuing 
the  preservation  of  the  gelatin,  is,  of  com'se,  allowable ;  but  salt  is 
frequently  added  in  large  quantities ;  it  then  causes  the  gelatin  to 
absorb  moistiu'e  fi-om  the  atmosphere,  whereby  its  weight  is  much 
increased. 

In  some  cases,  gelatin  is  adidterated  with  sugar,  either  brown 
or  white,  not  to  any  considerable  extent,  except  with  some  of  the 
inferior  qualities,  such  as  are  so  largely  used  by  the  mauufactiu'ers  of 
canister  meats. 

The  jeUies  in  bottles,  and  those  sold  by  confectioners  as  isinglass 
and  calves'  feet  jelly,  consist  principally  of  gelatin  variously  flavoured. 
Jellies  made  from  calves'  feet  are  much  less  firm,  and  dissolve  quicker 
than  those  made  from  gelatin,  if  kept  in  a  warm  room. 

THE  DETECTIOK  OE  THE  ABtTLTEEATIONS  OF  GELATIN. 

The  adulteration  of  gelatin  with  salt  may  be  thus  detected:— 10 
grammes  of  the  gelatin  must  be  incinerated  and  the  ash  tested  for 
salt — the  quantity  of  which  present  may  be  determined,  if  necessary, 
by  the  process  given  under  '  Butter.' 

Por  the  detection  of  the  sugar  the  following  process  may  be  fol- 
lowed : — Dissolve  the  gelatin  in  water  ;  precipitate  with  tannic  acid-, 
filter,  remove  excess  of  tannic  acid  by  the  addition  of  a  solution  of 
acetate  of  lead,  filter  again,  and  free  the  filtrate  from  lead  by  means  of 
sulphuretted  hydrogen.  Convert  the  cane  sugar  into  glucose  by  boil- 
ing with  dilute  sulphuric  acid,  and  estimate  the  sugar  with  the  copper 
solution. 

Another  method  is  tlie  following : — Soften  the  gelatin  by  macera- 
tion in  cold  water,  boil  in  alcohol ;  this  will  take  up  the  sugar  and 
leave  the  gelatin. 
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CHAPTER  XXIV. 

UNWHOLESOME  AND  DISEASED  MEAT. 

Closely  connected  with  the  subject  of  the  adulteration  of  food  is  the 
condition  as  to  soundness  and  wholesomeness  of  the  yanous  articles 
consumed  as  food,  and  with  this  subject  it  is  necessary  that  the  aoah  st 
To  Ee  acquainted,  as  he  will  often  be  called  on  for  his  opinion  and 
advice.  We  have  already  referred  to  the  case  of  damaged  floui  but 
in  the  present  article  we  propose  to  treat  somewhat  at  length  of 
umvholesome  and  diseased  meat.  .   ^  r  ^^        -e  tliP 

It  will  assist  the  understanding  of  what  follows  if  we  give  the 
analysis  and  composition  of  fresh  meat,  as  also  of  its  ash. 


Cnmpositinn  of  Fresh  Meat. 
(Moleschott ;  mean  of  many  analyses.) 

Water  

Soluble  albumen  and  ha;matin  .  .  • 
Insoluble  albuminous  substances,  as  hbnn 
Gelatinous  substances  .... 

Fat  

Extractive  matters  

Kreatin  

Ash  

Composition  of  the  Ash  of  Meat. 

(Parkes'  '  Hygiene,'  p.  167.) 


73-4 

2-  2.5 
15-2 

3-  3 
2-87 
]-38 
O0G8 
1-6 


Total  ash,  per  cent  of  undned 

substances  . 
Chloride  of  sodium 
Chloride  of  potassium 
Potash  . 
Soda 
Lime 
Magmesia 

Oxide  of  iron  or  phosphate 
Phosphoric  acid 
Sulphuric  acid 
Chlorine 
Silica 


Fresh. 
Beef. 


Salt 
Beef. 


Fresh 
Pork. 


1-6 

1-5 

0-310 

0-691 

0-154 

0-540 

0-398 

0-026 

0-051 

0-012 

0-023 

0-030 

0-011 

0-017 

0-436 

0-346 

0036 

0010 

0-014 

0-004 

Ml 
0-012 

0-420 
0-045 
0-083 
0-004 
0-494 
0-054 


Ham  nr 
Salt  Pork. 


5-7 

0-173 
0-350 

0-027 
0-035 
0-006 
0-312 
0-013 
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It  will  be  observed  that  the  above  analyses  take  uo  notice  of  the 
carbonic  acid  which  occiu-s  in  the  ash  of  meat,  and  which  is  said  to 
amount  to  8  or  9  per  cent.  This  is  supposed  to  be  derived  from  the 
destruction  of  the  lactic  acid  during  incineration. 

It  is  stated  that  an  ox  shoidd  weigh  not  less  than  600  lbs.,  but 
it  is  sometimes  as  much  as  double  this.  A  cow  may  weigh  consider- 
ably less  than  the  above.  An  ox  yields  about  60  per  cent,  of  meat, 
exclusive  of  head,  feet,  limgs,  and  intestines,  but  a  pig  as  much  as  80 
per  cent,  of  available  food.  A  sheep  weighs  from  60  to  90  Iba.  Taking 
the  whole  animal,  20  per  cent,  shoidd  be  allowed  for  the  bones. 

It  is  not  easy  to  determine  the  age  of  an  animal  when  living,  and 
it  is  still  more  difficult  to  do  so  when  dead.  The  indications  of  the 
age  are  mainly  fui-nished  by  the  teeth  and  horns,  but  the  details  are 
too  technical  to  be  described  in  this  place.  They  will  be  found,  how- 
ever, in  Parkes'  '  Hygiene.' 

GENERAL  CHARACTERS  AND  EXAMINATION  OF  MEAT. 

The  muscles  of  sound  flesh  should  be  firm,  elastic,  pale  for  the 
young  animal  and  darker  coloured  for  the  old  one,  and  when  cut 
across  a  little  reddish  juice  should  flow  out  after  some  time.  The 
flesh  should  not  be  of  a  deep  piu-ple  tint,  as  this  is  a  sign  that  th'e 
animal  has  not  been  slaughtered,  but  has  died  without  being  bled. 
There  should  be  no  unpleasantness  of  odoiu:  and  no  smell  of  physic, 
for  diseased  meat  has  a  sickly  corpse-like  smell. 

There  should  be  no  marbling  of  the  flesh  or  softening  or  pm-u- 
lent  fluid  in  the  intermuscular  celhdar  tissue.  'Bad  meat  is  wet, 
flabby,  and  sodden,  with  the  fat  looking  like  jelly  or  wet  parchment.' 
— Letheby. 

The  fat  should  be  firm  and  without  being  marked  with  hsemor- 
rhagic  spots.  Meat  as  it  becomes  putrescent  begins  to  emit  an  im- 
pleasant  odour,  the  fibres  become  paler  or  even  tm-n  greenish.  Parkes 
says  it  is  a  good  plan  to  push  a  clean  knife  into  the  flesh  up  to  the 
hilt.  In  good  meat  the  resistance  is  uniform,  while  in  putrefying 
meat  some  parts  are  softer  than  others.  The  smell  of  the  knife  is  also 
a  good  teat.    Cysticerci  and  tnchince  shoidd  be  searched  for. 

In  temperate  climates,  twenty-four  hours  after  killing,  the  marrow 
of  the  hind  legs  is  of  a  light  rosy  red  colour  and  moderately  firm.  If 
it  is  soft,  browTiish,  or  exhibits  black  points,  the  animal  has  been  side 
or  putrefaction  has  commenced. 

The  lungs  and  liver  should  both  be  examined  with  a  view  to  dis- 
cover in  the  one  case  Strongylm  Jilaria,  and  in  the  other  Distoma 
hepaticwn ;  also  for  the  detection  of  organic  changes,  such  as  the  pre- 
sence of  small  abscesses. 

Another  means  of  judging  of  the  quality  of  meat  is  to  observe  the 
ed'ects  of  cooking,  to  ascertain  how  much  it  loses  in  roasting  and  boil- 
ing, and  whether  the  meat  becomes  hard  or  not. 
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Again,  the  microscope  is  capable  of  affording  valuable  information 
as  to  the  quality  and  condition  of  meat ;  whether  the  muscles  are 
sound,  over-fat,  or  changed  by  decomposition  or  disease.  In  the  cattle 
plao  ue  they  are  said  to  be  in  a  degenerative  condition.  Further  it  is 
by  means  of  the  microscope  that  the  presence  of  the  various  parasites 
which  infect  the  flesh  of  animals  is  discovered.  „    .  . 

Care  must  be  taken  not  to  confoimd  the  capsides  of  tnchma?  with 
Rninei/s  caiisules,  called  2}sorospennia.  These  are  aknost  transparent 
bodies,  oval,  spindle-shaped,  sometimes  pointed  at  one  end  and  rounded 
at  the  other,  or  they  are  kidney-shaped.  ,  v  i 

The  investing  membrane  of  these  capsides  exhibits  dehcate  mark- 
ino-s,  caused  by  a  linear  arrangement  of  minute  hair-lilie  fibres.  '  They 
sometimes  are  pointed,  and  their  appearance  under  a  high  power,  1,UUU 
diameters,  is  as  if  the  investment  consisted  of  very  delicate,  transparent, 
conical  hairs,  terminating  in  pointed  processes.  The  contents  ol  these 
cysts  consist  of  granukr  matter,  the  grantdes  or  particles  of  which  when 
mature  are  oval,  and  which  adhere  together  so  as  to  form  indistinct 
divisions  of  the  entire  mass.  The  length  varies  from  to  ^  ot  an 
inch.  They  are- usually  narrow ;  they  lie  within  the  sarcolemma  and 
appear  ofteii  not  to  irritate  the  muscle.'— Parses. 

No  iniurious  efl^cts  have  been  produced  on  men  by  these  bodies, 
notwithstanding  the  frequency  of  their  occurrence  in  the  flesh  ot 
domestic  animals,  nor  indeed  have  they  ever  been  found  m  the  musples 
of  men ;  but  in  the  pig  they  have  been  productive  of  illness,  particu- 
larly paralysis  of  the  hind  legs  and  a  nodular  eruption.  In  sheep 
they  sometimes  aftect  the  muscles  of  the  gullet,  producing  swellings, 
often  as  large  as  a  nut,  and  containing  a  milk-y  purulenUoolnng^  fluid, 
which  contains  myriads  of  these  capsides.  Sheep  thus  affected  often  die 

^""^BTdL  also  termed  psorospennia—of  an  oval  or  roimded  form— 
accordino-  to  Parkes,  'at  first  with  granular  contents  and  then  with 
a4re-ations  of  granules  into  three  or  four  rounded  bodies,  on  which 
Shing  like  a^lucleolus  is  seen,'  have  J-^-^f.^^^^^^, 
and  other  parts  of  the  rabbit,  in  the  dog,  and  m  the  hver  of  man.  They 
are  quite  distinct  from  Rainey's  corpuscles. 

POISONOUS  BUT  NOT  DISEASED  MEAT. 

It  is  well  known  that  the  flesh  of  anunals  not  diseased  may  pro- 
duce iniurious  and  even  poisonous  symptoms.  This  must  arise  m 
some  cases  from  the  presence  in  the  animals  themselves  of  some 

The"  eSSS Tliow  especially  the  consimiption  of  certain  descrip- 
tions of  fish.     Pappenheim  gives  a  list  of  no  less  than  fortj^  fishes 
v^l,  ImnPtimes  exert  poisonous  eflects.    Among  these  are  Clupca 
J^-e%:ZXov  S'f/rnW/:  Z..  .alius  or  -^^-'M^J^^  ^^'^ 
Z  yellow-hided  sprat;  Aplodact'jhcs  punctatus  or  bladder  fish,  and 
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Coracinus  fiiseus  major,  or  greij  snapper.  So  venomous  are  some 
of  these  fish  that,  wlien  eaten  by  other  fish,  the  flesh  of  these  in  their 
turn  also  becomes  poisonous.  It  is  related  that  the  yellow-billed 
sprat  is  so  poisonous,  that  persons  who  have  partalcen  of  it  have  been 
known  to  expire  with  the  fish  in  their  mouths.  The  efiects  produced 
by  eating  the  bladder  fish  are  almost  as  great. 

Maletta  venenosa  is  only  poisonous  at  a  particular  time,  and  it  is 
believed  that  it  owes  its  poisonous  properties  to  a  green  monad  upon 
which  it  then  feeds. 

Oysters  and  mussels,  even  when  undecomposed  and  in  good  con- 
dition, have  also  been  Imown  to  produce  similar  symptoms. 

Among  mammalia  the  flesh  of  the  ^jzV/,  not  apparently  diseased,  has 
given  rise  to  diarrhoea  and  other  choleraic  symptoms. 

Ill  and  indeed  poisonous  eflects  have  been  Imown  to  result  some- 
times from  brine  which  has  been  used  several  times.  These  probably 
depend  upon  the  production  of  some  animal  poison,  the  nature  of  which 
has  not  hitherto  been  determined. 

But  meat  is  sometimes  rendered  poisonous  by  the  food  iipon  which 
the  animals  have  fed  previous  to  their  being  killed. 

Thus  the  flesh  of  hares  which  have  fed  upon  the  Rhododendron 
chrysanthemum  is  poisonous ;  that  of  birds  is  sometimes  rendered  so 
by  feeding  upon  the  buds  of  Calmia  latifolia ;  while  it  is  related  that  a 
whole  family  at  Toulouse  were  poisoned  by  partaking  of  snails  which 
had  eaten  the  leaves  of  Coriaria  myrtifolia.  Again,  milk  is  often 
rendered  poisonous  by  the  herbage  upon  which  the  cows  have  fed. 

PTJTEID  MEAT. 

There  does  not  appear  to  be  any  reason  to  believe  that  as  a  rule 
meat,  including  flesh  and  fish  of  all  kinds,  more  or  less  decomposed,  is 
productive  of  injurious  consequences.  Nearly  all  game  is  somewhat 
decomposed  when  partaken  of,  and  yet  hm-tful  eflects  rarely  ensue. 
There  is  no  doubt  that  the  cooking  contributes  greatly  to  this  im- 
munity. 

Still  in  some  cases  the  consumption  of  meat  altered  by  decom- 
position does  give  rise  to  vomiting,  diarrhoea,  and  to  symptoms  resem- 
bling typhus. 

The  consumption  of  partially  decomposed  sausages  and  pork  pies 
has  been  followed  by  symptoms  of  poisoning  accompanied  by  severe 
intestinal  disorder,  and  with  nervous  depression  and  collapse,  ending 
frequently  in  death.  M.  Vanden  Oorput  attributes  the  effects  in  the 
case  of  sausages  to  a  fungus  which  he  terms  Sarcina  hotulina. 

Effects  somewhat  similar  have  been  known  to  result  from  the  con- 
sumption of  cheese,  and  even  bacon,  ham,  salt  beef,  and  salt  fish,  these 
articles  having  been  usually  in  a  decaying  and  mouldy  condition ;  and 
it  is  probable  that  the  poisonous  eflects  are  due  also  in  these  cases  .to 
the  presence  of  a  fungus. 

Decomposing  moUusca  also  sometimes  produce  marked  symptoms  of 
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poisoning,  hut  ordinary  fish  in  a  state  of  decomposition  do  not  usually 
give  rise  to  any  bad  effects. 

DISEASED  MEAT. 

The  flesh  of  animals  killed  on  account  of  recent  accidents  may,  as 
might  he  supposed,  he  eaten  with  impimity. 

The  flesh  of  overdriven  and  tortured  animals,  according  to  Professor 
Gamgee,  often  contains  a  poison  which  produces  an  eczematous  erup- 
tion of  the  slcin  of  those  who  handle  it,  and  the  eating  of  such  flesh  is 
said  to  have  heen  attended  with  injurious  effects. 

The  meat  of  animals  which  have  suff'ered  from  some  simple  inflam- 
matory disease,  as  pneumonia,  and  which  have  been  killed,  is  commonly 
eaten,' and  also  without  injm-ious  effects,  provided  the  inflammation  has 
not  progressed  to  the  stage  of  the  formation  of  matter  or  pus. 

THE  DISEASES  OF  CATTLE. 

Many  of  the  particidars  embraced  under  the  above  heading  are 
taken  from  Parkes'  '  Practical  Hygiene.' 

The  principal  diseases  to  which  cattle  are  subject  are  epidemic 
pleuro-pneumoiiia,  which  has  the  symptoms  of  ordinary  pleuro-pneu- 
monia,  but  is  distinguished  by  its  being  epidemic. 

Foot  and  mouth  disease,  also  termed  murrain  or  Eczema  epizootica. 

Cattle  plague  ovrinder2)est,  Typhus  conta(/iosus,has  for  its  symptoms 
gi-eat  and  early  prostration,  shivering,  running  from  the  eyes,  nose,  and 
mouth,  abdoniinal  pain  and  diarrhrea.  _ 

Anthrax  or  malignant  2nistule,  if  combined  with  erysipelas,  Ery- 
sipelas carlunculosum,  is  called  black  quarter,  quarter  ill,  or  black 

If&O 

Of  course  cattle  are  subject  likewise  to  a  variety  of  other  diseases, 
including  dropsical  affections  £i-om  diseases  of  the  liver,  kidney,  or 

^^^^Sheep  are  subject  to  the  same  diseases  as  oxen  and  cows,  hut  they 
are  liable  to  certain  disorders  peculiar  to  themselves.  One  of  these 
is  braxy  or  splenic  apoplexy.  This  is  considered  by  Professor  Gamgee 
to  be  a  kind  of  anthrax.  .   „  u      u  4-  a-^ 

It  is  said  to  kill  fifty  per  cent,  of  aU  the  young  sheep  that  die 
in  Scotland.  The  animals  have  a  staggering  gait,  bloodshot  eyes  and 
rapid  breathing.  rr   ■  i 

Sheep  are  also  liable  to  smallpox,  Varwla  ovina.  •,      ■,  , 

They  are  also  subject  to  a  so-caUed  phthisis,  which  is  produced  by 
the  presence  in  the  Imigs  of  the  ova  of  the  Strongijlus  fllaria 

The  pig,  in  addition  to  other  diseases  already  noticed,  suffers  from 
a  disorder  which  has  been  called  hog  cholera,  and  which  is  supposed  to 
he  a  ranid  form  of  typhoid. 

The  flesh  of  animals  which  have  sufiered  from  chrome  wasting 
diseases  is  usuaUy  pale,  and  is  very  prone  to  undergo  puti-efaction.  ±i 
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frequently  gives  rise  to  siclmess  aud  diarrhosa,  the  effect  of  partaking  of 
the  diseased  meat  manifesting  itself,  as  might  have  been  expected,  first 
on  the  gastro-intestinal  canal. 

The  evidence  hitherto  obtained  goes  to  show  that  the  flesh  of 
animals  which  die  of  epidemic  ideuro-^mewmonia  may  be  eaten  without 
injury,  but  Dr.  Livingstone  states  that  the  use  of  this  flesh  produces  car- 
buncle, and  the  vims';  he  affirms,  is  not  destroyed  by  boiling  or  roasting. 
'  Now  it  is  a  remarkable  circimistance,'  writes  Dr.  Letheby,  '  that  ever 
since  the  importation  of  this  disease  into  England  from  Holland  in 
1842,  the  annual  number  of  deaths  from  carbimcle,  phlegmon,  and  boils 
has  been  crraduaUy  increasing.' 

There'is  no  doubt  but  that  the  consmnptiou  of  the  flesh  of  animals 
which  have  been  affected  with  vialignant  iiustule  is  attended  vdth 
danger.  The  increase  in  the  number  of  cases  of  malignant  pustide  in 
man  has  been  ascribed  to  this  cause.  It  has  also  been  supposed  that 
boils  are  produced  by  the  use  of  meat  of  this  kind.  It  is  certain  that  the 
disease  maybe  communicated  to  the  human  subject  by  inoculation. 

On  the  other  hand,  several  instances  have  been  recorded  in  which 
no  ill  effects  have  been  produced  by  pai-taldng  of  the  boiled  or  roasted 
flesh  of  animals  so  diseased,  and  this  in  cases  in  which  it  was  readily 
propagated  bv  inoculation. 

The  flesh  of  animals  affected  with  hlack  quarter,  or  Erysipelas  car- 
bunciilosus,  which  possibly  is  but  a  modification  of  malignant  pustule, 
has  also  been  known  to  give  rise  to  fatal  disease. 

With  regard  to  the  effects  of  the  consumption  of  the  flesh  of  sheep 
who  have  died  of  sjilenic  apoplexy  or  braxy,  the  evidence  is  again  very 
contradictory,  but  there  is  no  doubt  that  it  does  give  rise  to  blood- 
poisoning  and  to  death  in  some  cases.  It  would  appear  that  pigs,  dogs, 
and  fowls  are  less  aflPected  by  it  than  sheep,  goats,  or  horses.  Dr.  Smith 
states  that  the  shepherds  in  the  Highlands  of  Scotland  eat  hj  pre- 
lerence  braxy  sheep  and  are  quite  healthy,  but  then  the  flesh  is  never 
cooked  until  "it  has  been  steeped  for  two  months  in  brine,  and  has  been 
susi^ended  for  some  time  from  the  Idtchen  roof.  It  is  prefeiTed  to 
ordinary  salt  mutton,  because  of  its  possessing  somewhat  the  flavour  of 
game. 

Dr.  Letheby  writes,  in  reference  to  this  question — '  Every  now  and 
then,  however,  when  perhaps  the  diseased  parts  have  not  been  entirely 
removed,  or  when  the  salting  has  not  been  sufficiently  prolonged,  or 
the  cooking  has  not  been  thoroughly  effected,  the  most  serious  con- 
sequences result  from  it,  insomuch  that  many  medical  practitioners 
who  are  acquainted  with  the  habits  of  the  Scotch  shepherds  in  this 
respect,  and  have  seen  the  mischief  occasioned  by  the  meat,  declare 
that  braxy  mutton  is  a  highly  dangerous  food  for  man.' 

The  flesh  of  animals  affected  vyith  the  smalljwx  produces  sickness 
and  diarrhoea,  with  sometimes  febrile  symptoms. 

No  ill  effects  have  been  traced  to  the  use  of  meat  which  has  been 
affected  by  the  foot  and  mouth  disease. 
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The  eYideuce  mth  respect  to  the  effects  of  the  use  of  the  flesh  of 
animals  which  have  died  of  the  cattle  plague  is  somewhat  contradictory 
but  it  is  certain  that  it  is  often  consimied  with  impunity.  l^eDault 
asserts  that  no  dan-er  is  to  he  apprehended  trom  the  cooked  flesh  of 
caSe  pio?  or  shee^p  which  have  died  of  any  contagious  disease. 

m  eifects  have  been  traced  to  the  use  of  the  flesh  ot  pigs  which 
hnvp  heen  affected  with  scmiet  fever  or  pig  typhus 

The  Lsh  of  horses  affected  with  </to^e.s  and /arcy  does  not  ap- 
pear to  exert  any  injm-ious  eftects. 


PARASITIC  DISEASES. 


Measles  in  the  pig  is  caused  hy  the  presence  in  the  muscles  of 
Cy£^l^^^  The^esic^  ^-^^^ 
are     ^^'^^^^^Jlr/^l^f  ^^^^^^  of  the  microscope, 

t^-'    '^na^'^S-^SeTw^^^  niav  sometimes. he  distinguished  in 

being  readilj  ^^^^^'^^^^f'^-^.t^  ton-ue,  or  on  the  con  unctiva,  or 
the  mucous  membrane  ^nd^r  the  t^^o    ;   .     ^  ^^^^^  j^^^ 

sometunes  they  may  be  disco^eiea  oy  e.  „   convenient  part.  In 

cular  tissue  removed  f^f^^he  to^^^^^^^  when  cut  to  emit 

some  cases  they  are  so  ^^3^^;^^\;,J,^^iey  are  of  extremely  common 

a  crackling  ^o-^'i^.I^lJ^Xl^^^^^^^  '-^"^ 

occuii-ence  as  u,eat.  A  temperature  of  100°C. 
they.may  be  readily  ^^^^^^^^^^^ 

IS  said  to  kill  the  ^y^ticeici  as                n  tuberculated  head, 

'  The  sac  contains  a  little  cieat^^^e  wi  ^i^^aer-like  tail  at- 

crowned  with  a  coronet  of  hoo^.s  and  is  dissolved 

tached  to  It.  Soon  ^^ff^^^/^/Jtiue  being  liberated:  passes  into  the 
by  the  gastnc  juice  and  the  c  eat  ue        g  ^^^^    j^Hy  grows, 

intestines  and  there  hxes  itseii  uj^  j.jr.. 

joint  after  joint,  into  ^^^^J^Xe  fle^XtSr  animals  besides  the  pig, 
The  cysticercus  o^^^^      J^^f^  ^  i^es  rise  to  the  variety  of  tape- 
as  the  ox.   The  f^yst^^f^^^'^Vd         of  ox  and  cow  to  Tcenia  meclio- 
worm  <^^^^^\Tcema  sohu.n^^.n^^^^  .^^^        stomachs  of 

canellata.    Tlie  ova         <;  ^^^J  i3ecome  hatched,  passing  like  the 

In  man  the  chief  seat  oi  hyaauu  the  development  oicanurus 

The  gid,  sturdy,  or  turmic^,  is  cau.ea  u;) 
cerehralis  in  the  brain.  Ci/sficercus  cellulostis,  the  Trichina 

The  picJmm  disease -^^^^^  V  ^  ^^^^  pj^. 

'''t:U::^SS^ore^^^^         the  following:_A  thm  section 
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of  the  flesh  should  be  immersed  in  a  solutiou  of  liquor  potassfe,  con- 
taining 1  part  of  the  alkali  to  8  of  water,  and  allowed  to  remain  for  a 
few  minutes  only  until  the  muscle  becomes  clear ;  if  allowed  to  remain 
too  long  the  trichinae  will  be  destroyed.  The  white  specks  then  become 
clearly  visible,  and  the  worm  will  usually  be  seen  coiled  up,  and,  if  not 
visible,  it  may  often  be  rendered  so  by  the  addition  of  a  drop  or  two  of 
weak  hydrochloric  acid.  The  parts  said  to  be  most  infested  are  the 
diaphragm,  the  intercostal  muscles,  and  those  of  the  eye  and  jaw. 

The^preseuce  of  trichiniE  during  life  may  sometimes  be  determined 
by  an  examination  of  the  muscles  under  the  tongue. 

Pork  infected  with  trichinae  'is  generally  darker  than  usual  on 
account  of  the  irritating  or  inflammatory  action  of  the  creatm-e  lodged 
in  the  muscles,  and  when  the  parasite  is  encysted  the  meat  presents  a 
speckled  appearance,  the  minute  white  cysts  containing  the  worms 
being  just  visible  to  the  naked  eye.'  .As  found  in  the  human  subject  it 
is  usually  in  the  encysted  state,  '  when  it  has  passed  beyond  its  dan- 
gerous condition  and"  has  become  harmless.  In  most  cases,  when  thus 
discovered,  there  is  no  record  of  its  action,  and  therefore  it  was  once 
thought  to  be  an  innocent  \'isitor,  but  we  now  Imow  that  while  it 
was  free,  that  is,  before  natm-e  had  barricaded  it  up  in  the  little  cyst, 
its  presence  was  the  cause  of  frightful  disorder,  killing  about  50  per 
cent,  of  its  \ictims  in  terrible  agony.' — Letheby. 

The  yoimg  worms,  being  hatched  in  the  body,  migrate  to  all  the 
muscles,"'  causing  the  most  excruciating  pain,  so  that  the  patient,  fearing 
to  move  his  inflamed  muscles,  would  lie  motionless  on  his  back  ;  and,  if 
he  did  not  die  in  this  state  of  the  disorder,  nature  came  to  the  rescue 
and  imprisoned  the  creative  by  sm-rounding  it  with  a  fibrinous  cyst, 
where  it  lives  for  years,  being  ready  at  any  moment  to  acquire  activity 
when  it  is  swallowed  and  released  from  its  cell.' — Letheby. 

The  ordinaiy  mode  of  their  propagation  is  by  eating  the  raw  or  im- 
perfectly cooked  flesh.  Cooking  and  smoking  the  flesh  are  but  imper- 
fectly protective.  A  temperatiu-e  from  66°  to  68°  0.  destroysthe  trichinae, 
but  cold  and  decomposition  of  the  meat  do  not  impair  their  vitality. 

The  rot. — Another  disease  occasioned  by  a  parasitic  animal,  the 
■fluke,  Dtstoma  hejjaticuvi,  is  the  rot.  This  infests  particularly  the 
livers  of  animal  and  men,  sheep  being  very  liable  to  it,  especially  in 
wet  seasons. 

'  The  way  in  which  the  disease  is  produced  in  sheep  is  curious. 
Ova  are  passed  from  the  gall-bladder  of  infected  animals  into  the  in- 
testines, and  so  upon  the  land  ;  finding  a  moist  situation  they  are  soon 
hatched  into  ciliated  embryos,  which  swim  about  and  become  de- 
veloped into  cylindrical  sacs  of  minute  hydatids  ;  these  attach  them- 
selves to  some  mollusc,  as  a  small  snail.  In  wet  weather  the  infected 
snails  crawl  upon  the  grass  and  are  eaten  by  the  sheep,  and  then  the 
hydatid  speedily  changes  his  condition  and  becomes  a  flulve.  When  it 
is  found  in  the  body  of  man  it  has,  perhaps,  been  drunlc  with  water  or 
eaten  with  some  aquatic  plant,  as  watercress,  &c.' — Letheby. 
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There  is  no  evidence  to  show  that  the  liver  of  the  sheep  containing 
flukes  or  echinococci,  when  consumed  in  this  country,  gives  rise  to  the 
same  disease,  but  in  Iceland  the  disease  is  derived  from  sheep  and 
cattle,  which  in  their  turn  hecome  infected  through  the  tfenia  ot  the 
doo-  The  symptoms  of  fluke  disease  are  dulness,  a  rapid  wasting, 
diarrhoea,  yellowness  of  the  eyes,  falling  of  the  hair,  and  dropsical 

swellings.  .    ,    ,  •  •      ■  ^ 

Stronffylusflla7na.— This  parasite  occurs  in  the  lungs,  gi\ing  rise  to 

a  disease  of  those  organs  resembling  phthisis. 

In  times  of  scarcity  of  meat,  as  in  war,  it  may  be  necessary  to  allow 

of  the  use  of  the  meat  of  diseased  animals,  but  in  this  case  certain 

precautions  should  be  observed.    The  animals  should  be  bled  ireely, 

the  flesh  or  muscles  only  should  be  used,  and  the  meat  should  be 

thoroughly  cooked.    The  flesh  of  animals  afl'ected  v^ith  smallpox, 

cysticeixi  and  trichincs  should  not  on  any  account  be  used. 
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OHAPTEE  XXV. 

POTTED  MEATS  AND  FISH  AND  THEIR 
ADUL  TERA  TIONS. 

DEFINITIOK  OF  ADULTERATION. 

Meat  or  fish  not  acknowledged,  in  the  names  under  which  tlie  articles  are  sold, 
and  any  foreign  vegetable  or  mineral  substance. 

Potted  meats  and  fish  are  adulterated,  fii-st,  by  admixtm-e  with  sub- 
stances added  for  the  sake  of  bitllf,  weight,  and  cheapness ;  and  second, 
■«dth  others  designed  to  heighten  theu-  colour. 

Thus  they  are  sometimes  adulterated  with  large  quantities  of  Jiuur, 
and  in  other  cases,  it  is  alleged,  with  even  chalk  and  plaster  of  Paris. 

Again,  sprats  and  other  cheap  Jish  are  often  ground  up,  and  after 
being  seasoned,  are  sold  either  in  the  separate  or  mixed  state  for  real 
Gorgon  a  paste. 

Lastly,  the  majority  of  these  pastes  were  formerly  very  commonly 
coloured  with  lai'ge  quantities  of  Venetian  red  and  iole  Armenian, 

KESHXTS  OF  THE  EXAJrafATIGlf  OE  SAMPLES. 

Twenty-eight  samples  of  potted  meats  and  fish  were  examined  a  few 
years  since,  and  with  the  following  results  ; — 

1.  The  samples  of  jjottecl  tongue  and  harn  were  entirely  free  from 

adulteration. 

2.  Fom-  out  of  the  five  samples  oi potted  beefweve  artificially  coloured 

by  means  of  the  red  earth,  bole  Armenian. 

3.  The  whole  of  the  samples  of  2}otted  bloaters  examined  were  highly 

colom-ed  with  the  before-named  earthy  substance. 

4.  One  of  the  samples  of  bloater  jyaste  was  adulterated  in  addition 

with  a  large  proportion  of  starch  or  Jlour,  probably  wheat  flour 
boiled. 

5.  The  entire  of  the  samples  of  anchovy  j^^ste  analysed  were  still 

more  highly,  and  even  vividly,  coloured  with  very  large  quantities 
of  bole  Artnenian. 

6.  Two  of  the  anchovy  pastes  were  in  addition  adulterated  with^^ow?- ; 

one  with  a  large  percentage  of  wheat  Jiour. 

7.  Of  the  twenty-eight  samples  of  potted  meats  and  Jish  subjected  to 

analysis,  no  less  than  twenty-three  were  more  or  less  impregnated 
with  the  red  earthy  material,  hole  Armenian. 
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This  picture  of  tlie  adulteration  of  potted  meats  and  fisli  is  surely 
T)ad  and  disgraceful  enough,  hut  we  are  happy  to  say  that  since  the  time 
when  the  analyses  ahove  recorded  were  made  a  very  gi'eat  impro  e- 
ment  has  taken  place  in  the  preparation  of  these  articles,  and  bole 
Armenian  is  now  but  seldom  made  use  ot.         ,  ,  ,  , 

The  difference  in  the  appearance  presented  hy  the  uucoloured 
sampfes  coXsted  with  those  in  which  the  hole  Armenian  had  been 
adS  was  S  strildng,  and  usually  sufficient  to  enable  the  observer 
to  distino-  iish  by  the  eye  alone  the  samples  to  which  this  scandalous 

v!.,^v,«rl  iZn  made  While  in  the  one  case  the  paste  was  of  a 
fale  Tnl^aid^p^^^^^^^^^^  1^-,  in  the  other  the  colour-  was  such 

L  the  flesh'  when  pounded,  of  no  fish  or  anunal  ever  presents,  it  being 

"  Sport  on  bottled  anchovies  we  have  shown  that  one  of  the 
prindpal  reasons  why  artificial  colouring  matters  are  employed  is  to 
JonceT  the  dirt  contlined  in  the  brine  in  which  the  fish  is  imported 
in  the  present  instance  there  is  not  even  this  poor  excuse;  the  on  y 
nurnose  eived  by  the  employment  of  the  bole  Armenian  being  to 
Siise  the  potted  articles  to  present  a  striking  appearance  but  one 
Xh  at  Te  same  time  is,  in  om-  opinion,  most  .mnatural,  and  but 

li  tWse  too  of  potted  meats  and  fish,  the  colouring  in-i-edients 
in  the  case  too  o   p  ^  me^sm-e  by  washing;  for 

TcT  the';  a^el^cX'Sed  ^ith  the  paste,  they  must  be  enth-ely  con- 

'""TtaT'lL'ta'S"  f'^i^    large  quantities  of  coloui-ed  earthy 
That  the  pract  ce  oi  a  •  |-  ^  °  inmrious  to  health,  andm  some 
substances  to  articles  of  diet  is  dirt,  in^^^^^  medicinal 

cases  even  this,  although  not  dan- 

mgredient  '}'.\f^f'^'^^ZeTCw^^^^  of  prejudicial  effects; 
gerous,  might  m  some  iii™^8  u   p  i   j  ^ 

but  it  sometimes  happens  that  othe^  ^^iT  bole  Armenian  itself,  'are 
well  -^-^l^.ZTAt   F^^^^  substance  each  of  the 

above  Mty-^<^^  'ZScU  ofit  bemq  iscovered  in  a  single  ^mtance. 

^°„°it'rASS;;S\°B|  in_,e^S  to  ...  ad«i„„  of 
;,„m/W.  to  potted  -"fj' "fSien' ™vds,  and  there  is  OEljone  in 

S^'Ci-tt  Inez's  „r°em4  ae^i^p-SEio-Ls  of  ...e  Wsifles.  .0 
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U3,  aud  for  sausages  and  polonies.  I  understand,  also,  from  those 
who  have  been  in  the  habit  of  maldng  them,  that  horseflesh  materially 
assists  the  making  of  sausages  ;  it  is  a  hard  fibrine,  and  it  mixes  better 
and  keeps  them  hard,  and  they  last  longer  in  the  shop-window  before 
they  are  sold,  because  otherwise  the  sausages  run  to  water  and  become 
soft  and  pulpy.  I  believe  horseflesh  also  materially  assists  German 
sausages ;  it  keeps  them  hard.' 

To  the  above  account  we  may  add  that  German  sausages  and  po- 
lonies were  at  one  time  fi-eq^uently  coloured  with  large  quantities  of 
Venetian  red  or  reddle. 

DETECTION  OP  THE  ADTTITEEATIONS  OF  POTTED  MEATS  AND  EISH. 

As  we  have  seen,  the  chief  adulterants  of  these  articles  are  flour 
or  starch,  red  ferruginous  earths,  as  Venetian  red  and  reddle,  and 
sometimes,  it  is  alleged,  carbonate  or  sulphate  of  lime.  Methods  have 
been  given  elsewhere  in  this  work  for  the  detection  and  estimation  of 
each  of  these  substances,  so  that  it  is  unnecessary  to  repeat  them  in 
this  place. 
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CHAPTER  XXVI. 

ANCHOVIES,  THEIR  SUBSTITUTIONS  AND 
ADUL  TERA  TIONS. 

DBFINITIOU  OF  ADULTERATION. 

Admixture  with  or  substitution  of  any  otlier  fish  than  the  anchovj" ;  bole 
armenian  or  any  other  coloured  earth. 

We  find  "but  little,  in  works  on  the  adulteration  of  food,  in  reference 
to  the  substitution  of  inferior  Mnds  of  fish  for  this  much  esteemed 
variety;  although,  if  common  report  is  to  be  credited,  but  few  articles 
of  consumption  are  more  subject  to  substitution  and  adulteration 
than  the  anchovy,  whether  in  the  entii-e  state  or  in  the  forms  of  paste 

and  sauce.  ,  , 

On  the  present  occasion  we  have  to  treat  of  the  entire  fish  only. 
Before  proceeding  to  give  the  results  of  the  examination  and 
analyses  of  various  samples  of  anchovies,  as  vended  m  the  metropolis, 
we  insert  an  original  figm-e,  as  also  a  scientific  description  ot  the  fish, 
taken  from  Yarrell's  excellent  work  on  the  Biitish  Fishes :—  _ 

'  Generic  cAarffciers.— Distinguished  from  the  hemng  m  havmg  the 
head  pointed  ;  the  upper  jaw  the  longest ;  the  mouth  deeply  divided  : 
the  opening  extending  baclnvards  behind  the  line  of  the  eyes ;  the  gape 
branchial  apeitm-es  very  large;  the  ventral  fins  in  advance  of  the  line  oi 
the  commencement  of  the  dorsal;  abdomen  smooth  ;  branchiostegous 

rays  twelve.  ^^^^^^^  Fleming,  in  preserving  to  the  aiichoyy  the 
old  name  by-  which  it  was  formerly  known.  It  was  called  Lycostomus 
from  the  form  of  its  mouth ;  and  Engraulis  encrancolus,  because,  from  its 
bitterness,  it  was  supposed  to  carry  its  gall  in  its  head  For  this  reason, 
the  head,  as  well  as  the  entrails,  are  removed  when  the  fish  is  picUed. 

'  The  anchovy  is  a  common  fish  in  the  Mediterranean  from  Greece 
to  Gibraltar,  and  was  weU  known  to  the  Greeks  and  Ro^^ans  ^ 
whom  the  liquor  prepared  from  it,  called  garum,  was  m  great  estima- 
tion.   Its  eastern  range  is  extended  into  the  Black  bea. 

'  The  fishing  for  them  is  carried  on  dimug  the  mght,  and  lights  aie 

"'''m\nch"o'v^"is  common  on  the  coasts  of  Portugal,  Spain  and 
Prance  ;  it  occuS,  I  have  no  doubt,  at  the  Channel  Islands,  and  has 
beertai-en  on  the  Hampshire  coast  and  in  the  Bristol  Cl^^'^.^el-, 
thrAppeBdix  to  WiUughby's  work,  it  is  mentioned  as  having  been 
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taken  on  the  coast  of  Wales  ;  Pennant  obtained  it  near  his  own  resi-  . 
dence,  at  Downing  in  Flintshire  ;  and  Mr.  Bicheno  has  very  recently 
obtained  several  on  the  coast  of  Glamorganshire.  It  is  said-to  be  sold 
frequently  in  Liverpool  market,  and  is  reported  to  be  at  tliis  time  an 
inhabitant  of  the  piece  of  water  below  Blackwall,  called  Dagenham 
Reach.  .  . 

'  Its  range  to  the  north  is  extensive,  as  it  is  occasionally  taken  m 
the  Baltic,  and  on  the  coast  of  Noway ;  but  is  not  included  by  Linnaeus 
in  his  Fauna  Suecica. 

'  The  anchovy  appears  to  attain  a  much  larger  size  than  has  usually 
been  accorded  to  it :  from  foiu-  to  five  inches  in  length  is  the  more  or- 
dinary size ;  but  Mr.  Couch  says—'  I  have  seen  it  in  the  Cornish  seas 
of  the  length  of  seven  inches  and  a  half ;  and  I  have  met  with  speci- 
mens from  autumn,  through  the  winter,  to  the  middle  of  March.  It 
is  therefore  probable  that  a  fishery  might  be  established  with  good 
prospect  of  success,  for  though  the  nets  employed  for  other  fish  can 
take  but  few  of  them,  the  numbers  found  in  the  stomachs  of  the 
whiting,  and  other  ravenous  fishes,  show  that  they  are  in  considerable 

abundance.  •      ^  i 

'  The  anchovy  is  immediately  recognised  among  the  species  oi  the 
family  to  which  it  belongs  by  its  sharp-pointed  head,  with  the  upper 
iaw  considerably  the  longest.  The  length  of  the  head,  compared  with 
the  length  of  the  body  alone,  is  as  one  to  thi-ee  ;  the  depth  of  the  body 
but  two-thirds  of  the  length  of  the  head,  and  compared  to  the  length 
of  the  whole  fish,  is  as  one  to  seven;  the  first  ray  of  the  dorsal  fin 
arises  half  way  between  the  point  of  the  nose  and  the  end  of  the  fleshy 
portion  of  the  tail ;  the  third  ray  of  the  dorsal  fin,  which  is  the  longest, 
is  of  the  same  leugih  as  the  base  of  the  fin ;  the  pectoral  fin  small ; 
the  ventral  fins  arise  in  a  vertical  line  in  advance  of  the  commencement 
of  the  dorsal  fin,  which  is  over  the  space  between  the  ventral  and 
anal  fins ;  the  base  of  the  anal  fin  is  as  long  as  the  distance  from  its 
commencement  to  the  origin  of  the  ventral  fins ;  the  rays  short ;  the 
tail  deeply  forked.    The  fin  rays  in  number  are  :— 

D;  14;  P,  15;  V,7;  A,  IS  ;  C,  19. 

The  breadth  of  the  eye  is  one-fifth  of  the  length  of  the  whole  head ; 
the  peculiarity  in  the  comparative  length  of  the  jaws  has  been  pre- 
viously noticed ;  the  gill  covers  are  elongated  ;  the  scales  of  the  body 
large  and  deciduous ;  the  colour  of  the  top  of  the  head  and  back  blue, 
with  a  tinge  of  green ;  irides,  gill  covers,  sides  and  belly,  silvery  white; 
the  fins  delicate  in  structure,  and  greenish  white;  the  membranes  con- 
necting the  rays  almost  transparent.  ^  ■,  ,  rr  ^ 
'  In  a  series  of  notes  on  the  occurrence  of  rare  fish  at  Yarmouth  and 
its  vicinity,  with  which  I  have  been  favoured  by  Dawson  Turner,  Esq., 
there  is  mention  of  a  specimen  of  the  anchovv',  taken  on  the  beach 
which  measured  six  inches  and  a  half  in  length  ;  an  additional  prool  ot 
the  large  size  acquired  by  this  fish  on  oiu-  shores.' 
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To  the  ahove  we  would  add  a  description  of  the  condition  of  the 
true  anchory  when  hottled.  „  ^;fi, 

The  head  and  intestines  are  removed ;  the  scales  and  fins,  with  the 
exception  of  the  pectorals,  are  aUowed  to  remain ;  the  fish  is  of  small 
size,  silveiy,  and  rather  flat,  the  line  of  the  hack  sl^-htly  curved,  and 
the  flesh  is  nsuallv  of  a  pink  or  sahnon  colour,  the  depth  varying  con- 
siderahlv  in  different  samples  according  to  age  :  if  an  anchovy  be  th  ee 
months  old,  it  will  be  pale  ;  if  six  months,  rather  pmk ;  and  if  twelve 
months,  a  beautiful  deep  pink  colour.  i  ■„  ;+= 

The  number  of  the  tin-rays,  which  may  be  counted  m  the  fish  m  its 
preserved  state,  is  gi'eater  than  that  given  in  the  description  we  have 
quoted ;  thus,  when  complete,  the  dorsal  fin  is  composed  of  sixteen 
ravs,  the  anal  fin  of  nineteen,  and  the  caudal  of  twenty-six  rays. 

"  Anchovies  are  imported  in  barrels,  and  are  preserved  m  brine  made 
with  rock  salt ;  the  bottling  is  performed  in  this  country,  chiefly  by 
wholesale  pickle  and  fish-sauce  makers. 

THE  ADTTLTERATIONS  OP  ANCHOVIES. 

Several  kinds  of  fish  are  either  substituted  for,  or  mixed  with,  the 
genuine  Gorgona  anchovy. 

The  chief  of  these  are  Butch,  French,  and  Sicilian  Jish,  and  occa- 
sionally Sardines  and  Sprats. 

In  addition,  the  brine  in  which  the  fish  are  preserved  is  almost  in- 
variably highly  colom-ed  with  large  quantities  of  hole  Armenian  and 

Bole  Armenian  is  a  red  ferruginous  earth,  often  prepared  artificially 
by  mixing  together  Venetian  red  and  chalk.  The  reason  of  its  being 
added  to^anchovies,  it  is  alleged,  is  to  improve  the  appearance  of  the 
fish ;  but  the  real  reason  is  to  conceal  the  dirt  contained  in  the  brine 
which  surrounds  the  fish. 

In  eating  anchovies  some  persons  first  wash  the  fish,  by  which 
means  they  no  doubt  get  rid  of  much  of  the  red  earth  and  dirt ;  but 
others  eat  the  fish  just  as  it  comes  out  of  the  brine. 

From  an  examination,  made  some  years  since,  of  tiventy-eight 
samples  of  anchovies,  mostly  in  bottles,  it  appears, 

That  seven  of  the  samples  consisted  entirely  of  Dutch  fish. 
That  two  consisted  of  a  mixture  of  Dutch  pish  and  Anchovies. 
That  the  brine  in  tiventy-three  of  the  samples  was  charged  with  either 
hole  Armenian  or  Venetian  red,  the  quantity  varying  considerably 
in  amount ;  but  in  most  cases  the  brine  was  saturated  with  these 
earthy  powders  to  such  an  extent  that  they  might  be  obtained 
and  collected  fi-om  the  bottom  of  the  bottles  ahnost  by  tea- 
spoonfuls. 

It  is  not  to  be  infeiTed  that  those  samples  in  which  no  Dutch  fish 
were  detected  consisted  of  the  true  anchovy,  since  we  have  ascertained 
that  two  other  kinds  of  fish  besides  the  Dutch  are  commonly  imported 
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and  sold  as  '  true  anchovies,'  and  '  real  Gorgonas,'  namely,  French  and 
Sicilian  fish. 

Now,  we  have  no  doubt  but  that  the  majority  of  the  above  samples 
consisted  entirely  of  one  or  other  of  these  fish  ;  we  hesitate,  however,  to 
pronoimce  a  positive  opinion  in  each  case.  Although  it  is  not  diffi- 
cult to  distinguish  French  and  Sicilian  fish  from  the  Gorgona  an- 
chovy when  first  taken  from  the  bai-rels  in  which  they  are  imported, 
yet  when  contained  in  bottles  the  discrimination  is  often  a  matter  of 
considerable  difiiculty,  and  in  many  cases  is  even  scarcely  possible. 
This  arises  from  the  squeezing  and  mutilation  of  the  fish  in  the  pro- 
cess of  bottling,  as  well  as  from  the  altered  appearance  due  to  the 
led  earthy  matters  with  which  they  are  commonly  covered.  Whether 
those  engaged  in  the  trade  are  acquainted  with  any  practical  charac- 
ters by  which  the  discrimination  of  the  fish,  even  when  thus  altered, 
may  be  effected  we  Imow  not. 

We  have,  however,  much  reason  to  think  that  Sicilian  and  French 
fish,  notwithstanding  their  resemblance  to  the  true  anchovy,  may  be 
distinguished  by  experienced  persons,  even  when  bottled.  \Vith  a 
view  to  determine  this  point,  we  forwarded  to  a  person  engaged  in  the 
anchovy  trade  twelve  of  the  samples  referred  to,  each  being  labelled 
with  a  distinct  number ;  the  following  is  his  report : — 

1.  Gorgona.  Dutch,  inferior. 

2.  French  fish. 

3.  Ditto. 

4.  Gorgona,  not  fine. 

5.  Sicilian  fish. 

6.  Gorgona. 

If  this  list  be  correct,  then  not  ond-third  of  the  twentt-eight 

SAMPLES  EXAMINED  CONSISTED  OF  GoKGONA  AnCHOVIES. 

The  practice  of  imparting  an  unnaturally  red  colour  to  the  fish  and 
brine  by  means  of  Venetian  red  and  bole  Armenian,  is  m  the  highest 
deo'ree  reprehensible.  To  satm-ate  an  article  of  food  with  large  quan- 
tities of  earthy  coloui-ing  matter  is  objectionable  on  the  score  _ot 
cleanliness;  it  is  equally  so  as  regards  health,  for  this  earth  contams 
a  large  quantitv  of  iron.  Now,  this  medicine  is  not  suited  to  all  cases 
and  It  may  even,  in  some  instances,  be  productive  of  mischief;  at  aU 
events,  when  it  is  desirable  to  take  iron,  we  should  prefer  that  it  be 
prescribed  under  the  advice  of  a  physician,  and  not  admmistered  m 
an  article  of  food  by  our  gi-ocer,  fishmonger,  or  Italian  warehouse- 

Again,  it  occasionally  happens  that  Venetian  red  contains  red  lead ; 
and  althouoh  in  the  analyses  we  have  made  we  are  happy  to  state  that 
we  have  not  detected  that  poisonous  metallic  oxide  in  a  single  sample, 
there  is  no  question  but  that  red  lead  is  occasionaUy  to  be  found  m 

bottled  anchovies.  ,       , ,      ,       ,      ,  . 

Anchovies,  even  when  thus  coarsely  reddened,  and  put  in  glass 
bottles,  are  not  particularly  sightly  objects.    Both  for  convemence 


—  

Sicilian,  good  quality. 
9.  Gorgona. 

10.  Dutch  fish. 

11.  Sicilian. 

12.  Sicilian,  best  qualit}-. 
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and  appearance  it  would  be  much  better  that  they  should  be  enclosed 
in  open-mouthed  earthen  jars,  which  might  be  made  of  diiferent 
patterns,  and  as  ornamental  as  desu-ed;  by  this  means  the  necessity 
for  colourino-  woidd  be  done  away  with,  and  there  would  be  no  occa- 
sion to  use°wax  and  resin,  themselves  fi-equeutly  colom-ed  with  red 
lead,  to  coat  the  corks,  and  some  of  which  substances,  on  the  bottles 
being  opened,  usually  find  their  way  into  the  contents  Now  that 
glass  is  so  cheap,  if  bottles  continue  to  be  used  they  should,  at  all 
events,  be  fm-nished  with  glass  stoppers  in  place  of  corks. 

THE  DETECTIOM-  OF  THE  ADHXTEEATIONS  OF  ANCHOVIBS, 

•  The  Dutch  fish  may  be  distinguished  from  the  true  anchovy  by 
its  being  invariably  deprived  of  its  scales,  by  its  large  size,  white 
flesh,  general  coarseness,  and  by  the  very  evident  scale-marks  which 
extend  over  the  whole  surface.  The  fins  have  the  same  disposition  as 
the  ti-ue  anchow,  and  the  same  number  of  rays. 

The  French,  and  especially  the  Dutch,  fish  are  not  only  of  much 
less  value,  but  also  ga-eatly  inferior  as  articles  of  diet  to  the  true 
anchovy.  The  difterence  in  their  cost  may  be  estimated  by  the  fact 
that  dealers  find  it  worth  their  while  to  mix  them  in  difterent  pro- 
portions in  even  the  same  bottle.  There  is  no  difficulty  in  distin- 
guishing the  Dutch  fish  by  the  characters  pointed  out  above  ;  but  it 
would  be  very  difficult  to  discriminate  between  the  larger  samples  of 
the  French  anchovies,  when  denuded  of  then-  scales,  and  that  which 
in  this  article  is  denominated  Dutch  fish,  and  hence  we  infer  that  the 
two  may  possibly  be  separate  states  and  conditions  of  one  and  the  same 
species. 

The  Frmch  fi^h  is  caught  oiF  the  coasts  of  Nantes  and  Nice,  and  is 
imported  into  this  countiy  in  barrels  packed  in  brine  made  with  rock 
salt.  . 

It  closely  resembles  in  its  characters  the  true  anchovy,  and_  is  pro- 
bably of  the  same  genus.  Like  the  anchovy,  it  is  deprived  of  its  head 
and  intestines,  but  the  scales,  and  not  unft-equently  the  branchial  rays 
and  pectoral  fins,  are  entire.  Moreover,  the  fish  is  usually  somewhat 
larger,  thicker  across  the  back,  tapers  more  towards  the  tail,  and  the 
flesh  is  much  whiter  than  the  Gorgona  anchovy.  These  differences, 
however,  are  not  sufficiently  marked  in  general  to  allow  of  this  fish, 
lohen  loUlecl,  being  satisfactoiily  distinguished  fi;om  the  true  anchovy 
by  an  ordinary  observer.  Its  commercial  value  is  about  one-half  that 
of  the  Gorgona  anchovy. 

•  The  Sicilian  fish  resembles  the  Gorgona  anchovy  very  closely,  of 
which,  by  some,  it  is  considered  to  be  the  young,  it  being  smaller. 
Whether  it  be  a  state  of  that  species  or  of  the  same  genus  we  are  not 
able  to  determine  with  certainty;  its  value  is  at  least  one-thii-d  less 
than  that  of  the  Gorgona  anchovy. 

In  none  of  the  samples  have  we  met  with  either  sprats  or  sardines, 
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althoiigli  tliere  is  no  doubt  that  both  these  fish  have  been,  and  are 
still  occasionally,  sold  as  real  Gorgoua  anchovies.  The  sprat  may  be 
readily  distinguished  from  the  anchovy  by  the  dorsal  fin,  which  con- 
sists of  seventeen  rays,  but  more  particularly  by  the  position  of  the 
venti-al  fin,  which  is  placed  in  a  vertical  line  directly  uiider  the  fii'st 
dorsal  fin-ray. 

The  sardine  is  a  shorter  and  thicker  fish  than  the  anchovy ;  it  has 
white  flesh,  and  the  relative  position  of  the  ventral  and  dorsal  fins  is 
different. 

The  detection  of  Venetian  red  and  bole  Armenian.— The  presence  of 
these  earths  is  sufficiently  indicated  by  the  red  colour  of  the  brine  and 
by  the  colour  and  earthy  character  of  the  precipitate.  In  order  to 
obtain  them  in  a  separate  state,  the  fish  should  be  repeatedly  washed, 
the  washings  and  the  brine  evaporated,  the  residue  treated  with  water 
to  dissolve  out  the  salt,  and  then  incinerated  and  weighed ;  finally,  the 
ash  must  be  tested  for  iron  and  chalk  according  to  the  processes  already 
given. 
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CHAPTER  XXVII. 

THE  ADULTERATION  OF  BOTTLED  FRUITS  AND 
VEGETABLES. 

DEFINITION  OF  ADULTERATION. 

Copper  or  any  foreign  colouring  matter. 

An  attentive  examination,  with  the  eye  alone,  of  various  samples  of 
GREEN  hottled  fi'uits  and  vegetables  served  to  raise  suspicion,  and  to 
produce  the  impression  that  the  method  of  preservation  adopted  by 
modern  preservers  of  these  articles  was  not  quite  so  harmless  as  that 
originally  proposed  by  Mr.  Saddingtou.  We  felt,  indeed,  a  strong 
conviction  that  the  same  means  of  coloration  was  resorted  to  in  the 
case  of  bottled  fruits  and  veo-etables  as  in  that  of  pickles.  In  order  to 
determine  whether  this  conviction  was  well  founded  or  not,  we  insti- 
tuted a  series  of  rigorous  analyses. 

The  exti-aordinary  effect  of  copper,  in  heightening  and  rendering 
permanent  the  green  colour  of  fruits  and  vegetables,  is  exerted  upon 
the  green  contents  of  the  cells,  the  chlorophylle,  and  hence  it  is  the 
colom-ed  portions  of  vegetables  and  fruits,  as  those  invested  by  the 
epidermis,  which  are  most  affected  by  this  substance.  The  copper 
used  accumulates  in  this  membrane  as  a  salt — as  an  acetate,  a  citrate, 
or  a  malate  of  copper. 

The  presence  of  copper,  however,  in  fruits  and  vegetables  is  not 
confined  to  the  coloured  portions ;  it  penetrates  through  the  whole 
tissue ;  and  a  considerable  part  of  the  metal  used  even  reniains  diffused 
throughout  the  fluid  in  which  the  vegetable  substance  is  contained  ; 
hence  it  is  desirable  to  analyse  for  copper  not  only  the  preserved  article 
itself,  but  also  the  fluid  in  which  it  is  immersed. 

Results  of  Analyses  of  Samijles. 

Thirty-four  samples  of  different  kinds  of  bottled  fruits  and  vege- 
tables were  subjected  to  chemical  analysis.  From  these  analyses  the 
following  conclusions  were  deduced  : — 
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1.  That  of  the  thirty-three  samples  of  preserved  fruits  and  vege- 

tables, seven  were  free  from  contnminaiion.  imth  copper. 

2.  That  twenty-seven  samples  were  more  or  less  impi-egnated  with  that 

metal. 

3.  That  traces  of  co]yper  tvere  discovered  in  three  of  the  samples. 

4.  In  seven  of  the  samples  copper  was  present  in  small  amount  only. 

5.  Eight  samples  contained  it  in  considerable  amount. 

6.  In  six  samples  the  metal  loas  jn-esent  in  very  considerable  amount, 

7.  Four  of  the  samples  contained  this  poisonous  impregnation  in 

very  large  quantities. 

8.  That  the  samples  of  limes  contained  copper,  the  one  in  small 

amount  only,  the  other  in  amount  more  considm-able. 

9.  That  the  gooseberries  contained  a  considerable  amount  of  copper,  and 

some  samples  even  a  very  large  quantity. 

10.  That  the  rhubarb  contained  an  amount  of  copper  even  more  con- 

siderable, some  sam^iles  being  contaminated  with  it  to  a  very 
large  extent. 

11.  That  the  greengages  conttirnQdi  a  stiU  greater  quantity  of  copper, 

the  metal  being  frequently  present  in  highly  dangerous  amounts. 

12.  In  olives  this  poisonous  impregnation  was  in  the  largest  amount, 

although  its  effect  in  heightening  the  colour  of  the  fruit  is  less 
marked  than  in  the  other  cases. 

13.  The  preserved  red  f  ruits,  as  cm-rants,  raspberries,  and  cherries,  were 

not  as  a  i-ule  contaminated  with  copiper. 

The  absence  of  copper  in  red  fruits,  and  the  variation  of  the  quan- 
tity of  that  metal  in  green  fruits  according  to  the  requirements  in 
each  case,  afford  clear  evidence  that  this  dangerous  impregnation  does 
not  arise  fi-om  the  mere  use  of  copper  utensils,  but  that  it  is  pm-posely 
introduced,  the  quantity  being  systematically  adjusted  in  ditterent 
proportions,  determined  by  the  kind  of  fruit  to  be  preserved. 

That  this  conclusion  is  correct  is  also  shown  by  the  fact,  that  accord- 
ing to  the  method  of  preparation  usually  pm-sued,  thefi-uit  or  vegetable 
does  not  come  in  contact  with  copper. 

The  fruit  or  vegetable  is  taken  directly  from  the  baskets  or  sieves 
in  which  it  is  received  from  the  country,  and  carefidly  packed  in 
bottles ;  these  are  next  filled  up  with  a  liquid,  consisting  of  water 
holding  a  small  quantity  of  almu  in  solution ;  they  are  then  loosely 
corked"  and  submitted  for  a  certain  time  to  the  heat  of  a  water-bath, 
so  as  to  ensm-e  the  coagulation  of  the  vegetable  albimien ;  they  are 
afterwards  more  tightly  corked,  tied  over  vsdth  string  or  wire,  and 
fm-ther  secm-ed  with  resin  and  bladder,  or  with  a  metallic  capsule. 

The  presence  of  copper,  then,  in  bottled  fruits  and  vegetables  can 
only  be  explained  on  the  supposition  that  it  is  pm-posely  introduced ; 
and  this  is  really  the  case. 

As  in  the  preservation  of  bottled  fruits  and  vegetables  there  is  no 
vinegar  to  act  upon  the  copper  of  the  vessels,  the  copper,  usually  the 
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sulphate,  commouly  called  blue  stone,  is  in  all  cases  added  direct  to 
these  articles.  We  have  the  authority  of  a  manufactm-er  for  stating- 
that  the  Quantity  of  this  powerful  and  poisonous  suhstance  used  is 
often  ful'y  as  much  as  5  grammes  to  one  gross  of  bottles  ol  the  iruit ; 
this  gives  not  far  short  "of  0-04  gramme,  equal  to  half  a  grain,  per 
bottle,  which  is  a  full  medicmal  dose.  _         ■■,     n  i 

In  some  cases,  where  the  quantity  of  copper  is  considerable,  the 
metal  becomes  deposited  on  any  metallic  surface  it  may  happen  to 
come  in  contact  with,  in  the  com-se  of  a  few  minutes.  In  proof  of 
this  we  will  quote  a  paragi-aph  from  a  letter  written  some  years  since 
bv  Ml-.  Beriiays,  a  chemist  resident  in  Derby,  addressed  to  the  '  Lancet.' 

He  writes : —  ,         .,     .     „  »  ^i 

'  I  had  bought  a  bottle  of  preserved  gooseberries  Irom  one  ot  the 
most  respectable  gi-ocers  in  this  town,  and  had  had  its  contents  trans- 
fen-ed  into  a  pie.  It  struck  me  that  the  gooseberries  looked  fearfully 
green  when  cooked ;  and  on  eating  one  with  a  steel  fork,  its  intense 
bitterness  sent  oie  in  search  of  the  sugar.  After  having  sweetened 
and  mashed  the  gooseben-ies  with  the  same  steel  fork,  I  was  about 
to  convey  some  to  my  mouth,  when  I  observed  the  prongs  to  be  coni- 
pletely  coated  with  a  thin  film  of  bright  metallic  copper.  My  testi- 
mony can  be  borne  out  by  the  evidence  of  three  others,  two  of  whom 
dined  at  my  table.' 

The  colom-  of  gi-een  fruits  and  vegetables  is  sometimes  apparently 
heightened  by  a  second  device ;  the  bottles  in  which  they  are  enclosed 
areWde  of  a  highly-colom-ed  glass-,  those  in  which  Frencholives  are 
preserved  are  of  so  intense  a  gi-een  as  to  impart  to  the  fi-uit  as  seen 
thi-ough  the  bottles  a  deep-green  colour. 

As  a  rule,  the  amount  of  copper  ordinarily  present  in  many  kinds 
of  bottled  fruits  and  vegetables  is  greater  for  equal  quantities  than  in 
pickles,  which  also  frequently  contain  that  metal  in  large  and  almost 
poisonous  quantity.  Add  to  this  the  fact  that  while  picldes  are  used 
in  small  quantity  only,  a  whole  bottle  of  preserved  fruit  is  consumed 
by  two  or  three  persons  at  one  time ;  hence  we  perceive  how  much 
more  dangerous  is  the  employment  of  copper  in  the  case  of  fruits  than 
in  that  of  pickles. 

The  present  adds  another  instance  to  the  many  which  have  already 
been  adduced,  in  which  manufacturers,  in  order  to  heighten  the  colour 
of  articles,  and  as  they  conceive,  often  very  erroneously,  to  improve 
their  appearance,  have  sacrificed  their  flavour  and  quality,  and  have 
risked  health,  and  even  safety. 

In  the  preservation  of  red  fruits,  no  copper  is  iised  ;  but  here,  again, 
red  colouring  matter,  as  decoction  of  logwood,  or  infusion  of  beet-root, 
as  well  as  the  red  aniline  colours,  which  are  almost  constantly  con- 
taminated with  arsenic,  are  not  unfrequently  employed,  especially 
where  the  fruit  is  damaged  or  of  inferior  quality. 
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THE  DETECTION  OP  THE  ADTIITEEATIONS  OF  BOTTLED  FBUITS  AXD 

VEGETABLES. 

The  chief  adulterations  of  these  articles  are  those  icith  salts  of  copper, 
added  for  the  pm-pose  of  heightening  theii-  coloui-.  In  many  cases 
the  intense  green  or  Wuish-gTey  colour-,  greatly  increased  when  the 
fiaiit  or  vegetable  is  coolied,  is  sufficient  to  betray  the  presence  of 
copper,  especially  to  an  accustomed  eye. 

For  the  detection  of  copper  by  chemical  means  we  must  have  re- 
course to  the  processes  described  under  the  head  of  '  Picldes.' 

The  copper  is  found,  as  in  the  case  of  picldes,  m  the  preserving 
fluid  as  well  as  in  the  fruit  or  vegetable  itself. 

If  we  desire  to  test  the  liquid,  we  proceed  as  follows :—  • 

About  100  cc.  of  the  juice  or  fluid  in  which  the  fruit  or  vegetable 
is  preserved  are  to  be  measured  out  and  placed  m  a  test-glass  ;  the 
acidity  is  to  be  slightly  increased  by  the  addition  of  about  three  drops 
of  strono-  nitric  acid,  and  a  pohshed  rod  of  iron  placed  in  the  iiuid,  and 
allowed^to  remain  for  about  twenty-fom-  hours.  If  copper  is  present 
in  considerable  amount,  the  siu-face  of  the  rod,  ti'om  top  to  bottom, 
becomes  covered  with  a  continuous  and  bright  coating  of  that  metal. 
If  the  amount  of  copper  is  less  considerable,  the  upper  half  or  so  only 
of  the  rod  receives  the  coating.  If  the  quantity  is  very  small  indeed, 
no  perceptible  deposit  of  copper  will  take  place. 

Hence  we  perceive  that  the  iron  rod  affords  a  simple  and  most  con- 
clusive test  for  copper  in  fruits  and  vegetables,  when  present  m  any - 
thin-  like  considerable  amount,  and  that  it  even  serves  to  indicate,  to 
a  certain  extent,  the  quantity  of  copper  with  which  the  juice  of  dif- 
foent  samples  is  impregnated,  as  shown  by  the  rapidity  with  which 
the  deposit  occurs,  by  the  thickness  of  the  coatmg,  and  by  the  extent 
of  surface  covered  by  it.  , 

If  we  desire  to  analyse  the  fruit  or  vegetable  we  must  proceed  as 
follows  :-100  grammes  of  each  of  the  fruits  and  vegetables  are  to  be 
wShed  out,  placed  in  crucibles,  and  incmerated  until  the  whole  of 
ttie  carbon  is  dissipated,  the  colour  of  the  ash  being  carefully  noted 
S  those  cases  in  which'the  fruit  or  vegetable  is  not  contamina  ed  w.th 
Conner  the  residual  ash  is  observed  to  be  either  white  or  greyish-white, 
whSe  in  those  instances  in  which  copper  is  present  it  is  constantly  of  a 
Juk  coloui'  the  depth  varying  uniformly  with  the  amount  of  copper 
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pale  tint.  Where  the  quantity  is  larger,  although  still  hut  small,  the 
colour  vdM  he  more  general  and  more  decided.  Where  it  is  ahuudant, 
the  whole  surface  of  the  ash  wiU  he  of  a  bright  and  beautiful  rosy- 
pink  hue.  Lastly,  when  the  quantity  of  copper  present  is  very  con- 
siderable, the  residual  ash  ^viU  be  of  a  deep  pink  coloiu-. 

Olives,  when  incinerated,  do  not  leave  a  clean  white  ash,  so  that 
although  the  coloiu-  may  be  very  well  detected  in  them,  it  is  not  of  so 
hrio-ht'a  pmk  as  in  other  fi-uits ;  and  the  colom-  is  not  confined,  as  m 
most  other  cases,  to  the  siu-face,  but  extends  through  the  whole  sub- 
stance of  the  fruit.  .  ^  • 

When  a  portion  of  the  juice  is  incinerated  along  with  the  frnit,  as 
13  usually  the  case,  the  crucibles,  if  copper  be  present,  become  tinted 
with  the  same  rosy-pink  colom-  observed  on  the  sm-face  of  the  ash  of 
the  fruit  or  vegetable  incinerated.  In  some  cases,  where  the  amount 
of  copper  is  considerable,  the  bottoms  of  the  crucibles  become  deeply 
and  beautifully  stained  of  a  bright  and  iridescent  pink. 

The  pink  colour  of  the  ash  is  thus  explained.  In  the  course  of 
incineration  the  acid  with  which  the  copper  was  combined  is  destroyed, 
the  highly  characteristic  pink  oxide  alone  remaining,  and  its  presence 
being  revealed  by  its  peculiar  colom'. 

The  tint  having  been  noted,  the  ash  is  next  treated  with  some 
strong  niti-ic  acid.  One  part  of  the  acid  unfiltered  solution  is  trans- 
ferred to  a  test  tube,  and  rendered  strongly  alkaline  with  ammonia. 
A  precipitate,  consisting  of  phosphates  and  other  salts  of  the  alkaline 
earths,  is  thrown  down,  which  is  allowed  to  settle.  If  copper  be  pre- 
sent the  supernatant  liquor  will  exhibit  a  more  or  less  blue  coloration, 
which  is  particularly  perceptible  when  the  test  tube  is  placed  over  a 
sheet  of  white  paper. 

Another  part  of  the  solution  of  the  ash  is  rendered  first  slightly 
alkaline  with  ammonia,  the  solution  filtered,  and  then  acidulated 
with  pure  acetic  acid.  A  solution  of  feiTOcyanide  of  potassium  is  now 
added  ;  if  the  solution  contain  copper,  a  reddish-brown  precipitate  or 
coloration  wiU  be  observed.  This  reaction  is  extremely  delicate,  and 
constitutes  the  best  test  for  copper,  especially  when  this  is  present  in 
small  quantities  only. 

For  the  quantitative  estimation  of  copper,  the  reader  is  referred  to 
the  article  ou  '  Pickles.' 
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CHAPTER  XXVIII. 
TINNED  VEGETABLES. 

DEFIXITION  OF  ADULTERATIOX. 

The  presence  of  copper. 


SETERiX  lands  of  vegetables  are  very  successfvilly  preserved  from  year 
to  year  in  hermetically-sealed  tins,  in  the  same  mamier  and  on  the  same 
nrinciple  as  are  meat,  milk,  and  various  other  articles  of  food. 

Tlie  principal  kinds  of  vegetables  thus  preserved  are  peas  (pehts 
wis)  hems  (haricots  verts),  mixed  vegetables,  contaimng  nsuaUy  peas 
and  beans,  called  by  the  French  Macedoines,  and  asparagus. 

Now  aU  these  vegetables,  mth  the  exception  of  the  asparagus,  are 
very  frequently  coloured  with  copper  in  the  same  manner  as  are  the 
bottled  fruits  and  vegetables.  ,.     „  ■  j_: 

In  this  case  likewise  the  copper  is  added  mtentionaUy,  consisting 
in  the  addition  usually  of  a  solution  of  the  sidphate  of  copper  ot  blue 
dme  The  quantitv  added  is  even  more  considerable  than  m  the  case 
of  the  articles  preserved  in  bottles,  the  colom-  of  the  timied  peas  and 
beans  beinff  often  intensely  and  unnaturally  green. 

This  hthly  obiectionable  practice  was  made  known  by  us  many 
vears  since  In  reports  in  the  '  Lancet,'  and  although  the  exposmres  then 
Se  have  led  to  a  diminution  of  the  practice,  especially  in  this  country, 
we  are  yet  frequently  caUed  upon  to  analyse  vegetables  m  tins  with  the 
result  of  discovering  copper  in  the  majority  of  cases. 

VeStables  are  extensively  preserved  in  tins  both  m  this  comitry 
and  aSoad  4here  peas  and  beans  are  even  cheaper  than  with  ub.  The 
Mrmaniifactii^ers  now  less  frequently  add  copper  than  they  did 
Serlv  but  enormous  quantities  of  these  vegetables  continue  to  be 
Siported  from  France,  notwithstanding  that  the  use  of  copper  in  that 
Sry  has  bSen  prohibited  under  heavy  penalties,  so  that  we  believe 
in  FranceTt  wiU  be  scarcely  possible  to  meet  with,  even  at  restam-ants 
and  cheap  dining-places,  vegetables  so  colom-ed. 

In  Zt  case?  the  detection  of  this  adulteration  is  easy  enough.  In 
•    +rr,nprthP  colour  itself  is  sufficient  to  reveal  its  presence,  the 
veSesTo^^^^^^^^^^^^  -  d,ep  green  colour  in  place  of  the 

Ze  Tint  characteristic  of  copper-free  vegetables  when  cooked  and 
preserved. 
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For  the  detection  of  the  metal  chemically,  both  quahtatively  and 
quantitatively,  we  must  proceed  in  the  manner  already  described  trnder 
the  heads  of  Bottled  Fruits  and  Vegetables '  and  '  Pickles.      _  _ 

The  practice  above  exposed  is  undoubtedly  of  a  highly  objection- 
able and  dano-erous  character,  and  we  trust  that  our  food  analysts  will 
not  fail  to  exert  their  authority  with  a  view  to  its  exposure  and 
extinction. 
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CHAPTEE  XXIX. 

PRESEEVES  AND  JELLIES  AND  THEIR 
ADULTERATIONS. 


DEFINITION  OF  ADULTERATION. 

Anv  foreign  fruit  or  substance  not  acknowledged  in  the  names  under  which 
they  are  S  Copper,  whether  added  or  derived  from  the  vessels  employed  in 
thek  manufacture,  or  any  foreign  colouring  matter. 

Pbbsertes  and  ieUies  are  very  liaMe  to  adulteration  like  a  f  eatjnany 
moreSes  of  Consumption,  and 'this  in  ways  whicli  would  hardly  be 

^"CmS  SldXrS'practised  is  to  mix  a  cheaperwith  a  more 
expensiye  fruit,  stiU  calling  the  jam  by  the  name  of  tl^e  ^oi^  co^% 
coSent.    Vegetable  jellies  are  liable  to  the  same  land  of  adul- 

^^''"'^^ntliPv  nractice  is  to  make  use  of  the  refuse  materials  derived 
f  ^h?™eSon  of  vegetable  jellies,  as  of  the  apple  particularly, 
from  the  Fepaiatwn  01  „„ci -^^resei-ves,  or  to  make  with  it  and 

*°:SsfmXVinc^^^^^^^  manufacture  of  British 

other  ^•^.^^r^.^iS^^^^^^^  which  certain  grand  names  and  tities 

wanes  diifeient  kanj  ot  jam^    damaged  fruitsf including  figs  are  fre- 

^^1  ^V.n^n;?dinto  iams  Some  time  back.  Dr.  Tidy  called  the  atten- 

were  used  m  the  g^^^^uses!^  The  seeds,  with  a  small  quantity 
the  sweeping  of  feut  concoction  was  mixed,  gave  the  so- 

"^riP^Srira^elS^  a^^^^^^  and  it  was  largely  sold  among 
StoJr  Set  'thHames  o'f' '  Family  preserve,'  '  Royal  jam,'  Fruit 

preserve,'  -Jj  5°^^^^.^  colour,  as  those  of  the  greengage,  plum, 
Lastly  the  J^^^^     J^fJ^^^        ed  or  coloured  by  means  of  copper. 
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One  of  tlie  jams  veiy  liable  to  adidteration  is  raspberry  jam.  This 
is  frequently  mixed  with  a  proportion  of  the  pulp  of  the  gooseberry. 

Strawberry  jam  is  liable  to  the  same  adulteration.  In  samples  of 
mixed  rasphen-y  and  gooseberry  jam  we  have  met  with  large  quantities 
of  apple.    Again,  marmalade  is  sometimes  found  to  contain  the  pulp  of 


Fig.  1-39. 


Orange  Mamulade,  adulterated  with  Apple  or  Turnip,  a  a,  tissue  of  orange ; 
b  b,  ceUs  of  foreign  vegetable  substance.   Magnified  100  diameters. 


either  apple  or  turnip  (fig.  1.39),  but  much  more  frequently  still  it  con- 
tains a  proportion  of  apple  jelly  ;  indeed,  at  one  time,  we  believe,  there 
was  scarcely  a  marmalade  to  be  obtained  from  the  shops  free  from  that 
admixture.    The  makers  assert  that  this  addition  is  not  made  for  the 
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pm-pose  of  adulteration,  1.ut  to  stiffen  the  marmalade.    AU  we  can  say 
IS  that  housekeepers  who  make  their  own  marmalade  do  not  hnd  any 
adSme  \o  be  requisite,  and  with  the  quality  of  l^ome-made 
marmalade  no  fault  can  be  found.    We  have  been  informed  that  a 

Fig.  140. 


OHMS  ROOT,   a,  eVi^^^^^VJ'^^Z:^^^  ott  of'^^^'^'. 
100,  d  200,  e  500  diameters. 

Swedes  of  moede  of  a  yeUow  colour  is  much  used  in  the  adulteration  of 
species  01  s^oeae  vi  «,  j  are  also  sometmies  employed. 
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Stances  contains  a  lar-e  admixture  of  jelly  prepared  from  the  goose- 
berry, and  it  is  probable  that  that  of  the  black  cm-rant  is  similar  y 
compounded.  Raspberry  jelly  is  said  usually  to  consist  of  cm;rant  le lly 
to  which  the  flavom-  of  the  raspben-y  has  been  commumcated  by 
means  oi  orris  roof,  (fig.  140).  R^^l^^rry  flavounng  iov  b^^^^ 
fectionery  is  made  entirely  of  currant  jel  y  and  orris  mganic 
chemistry  has  in  these  days  reached  such  a  pitch  that  the  odoui  and 
flavom-  of  ahnost  any  fruit  is  capable  of  being  imitated.  We  have 
recenSy  received  sampler  of  the  foUowing  ar^i^m^  fruit  essences 
mLuf  Jctured  by  Messrs.  Langdale  &  Co.,  of  Hatton  Garden  :-Essence 
of  apples,  pears,  quince,  pineapple,  raspberries,  strawberries,  cherries, 
peach  kernels,  rum,  gin,  cognac,  Maraschino,  hops,  vanilla,  parsley, 
celery,  and  cm-ry  powder. 

It  was  cuiious  to  observe  how  the  names  of  certain  articles  were 
chan<^ed  as  soon  as  the  late  Adulteration  Act  came  into  operation. 
Thus^it  became  rare  to  meet  with  a  pot  labeUed  red  currant  jelly,  as 
this  would  have  exposed  the  vendors  of  the  mixed  article  to  the  opera- 
tion of  that  Act,  and  so  the  name  was  changed  to  red  jelly. 

Results  of  Analyses  of  Samioles. 

Thirty-five  samples  of  preserves  and  jellies  of  various  kinds  were 
subjected  to  chemical  examination  for  copper  with  the  following 

^*^'^The  raspberry  jam  analysed  contained  a  very  considerable  quantity 

The  fom-  'samples  of  gooseberry  jam  examined  all  contained 

Coppe'r,' sometimes  in  large  amount,  was  detected  in  twelve  of  the 
fourteen  samples  of  orange  marmalade  analysed. 

The  nine  samples  of  greengage  jam  were  all  more  or  less  im- 
pregnated with  copper,  it  being  present  in  considerable  amount 
in  five  of  the  samples.  .  „•  j 

The  greenqaqes  contained  in  three  different  boxes  oi  crystallised 
fruits  all' owed  their  deep  green  colom-  to  the  presence  ot 

copper.  ,     ,      .      D  f  -1. 

The  limes  and  greengages  present  in  a  little  glass  jar  ot  truit  pre- 
served in  jeUy  also  owed  their  brilliant  colour  to  a  salt  oi 

Co/^w-"  was  present  in  the  three  samples  of  candied  citron  peel 

subjected  to  analysis.  i- •  ' 

Thus  Copper  was  detected  in  no  less  than  thirty-three  ot  the  thirtAj- 
five  samples  of  different  preserves  analysed :  three  contained 
traces  only ;  in  eleven  the  metal  was  present  m  small  quaiitity ; 
and  in  nineteen  either  in  considerable  or  even  very  large  amount. 
Knowing  well  the  powerful  action  of  vegetable  juices  a,ud  also 
of  sugar  upon  copper,  we  have  long  entertained  tlie  belief  that 
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copper  would  be  very  frequently  detected,  on  analysis,  in  preserves, 
jams,  and  jellies,  as  ordinarily  prepared  :  we  must  aclaiowledge,  how- 
ever, tbat  the  resvilt  of  actual  investigation  has  far  exceeded  our 
expectations,  since  it  has  proved  that  preserves  made  in  copper  vessels 
not  only  almost  invariably  contain  copper,  but  that  the  metal  is  often 
present  in  very  considerable  quantities,  sufficient  to  tint  the  ash  of  a 
deep  pink,  and  to  cause  the  sohition  of  the  ash  when  ti-eated  with 
ammonia  to  become  of  a  decided  and  sometimes  even  of  a  deep  blue 

colour.  •     <>  .1 

But  the  still  larger  quantities  of  copper  detected  m  certain  ot  the 
samples  of  greengage  jam  seem  to  show  that,  as  was  ascertained  to  be 
the  case  wfth  bottled  fruits  and  vegetables,  some  gi-eening  salt  of 
copper,  of  the  sulphate  or  acetate,  is  really  intentionally  introduced  for 
the  purpose  of  creating  an  artificial  viridity. 

The  disclosures  now  made  aiford  convincing  proof  how  improper 
and  even  dangerous  it  is  to  make  preserves,  as  is  commonly  done  even 
bv  ordinary  housekeepers,  in  copper  saucepans.  The  vessels  employed 
for  this  purpose,  wherever  practicable,  should  be  lined  with  enamel. 

Although  we  may  fairlv  expect  to  find  copper  in  any  preserved 
vetretable  substance  prepared  in  the  ordinary  manner,  yet  we  scsjcely 
expected  to  meet  with  that  poison  in  those  tasteful  and  sparkling 
little  boxes  of  bonbons  which  at  Christmas-time  are  displayed  m 
shop  windows  so  attractively ;  neither  did  we  expect  to  find  it  malang 
its  way,  through  the  citron-peel  used,  into  our  very  Christmas  plum- 

■^^*^We°have  repeatedly  shown  that  the  adulterators  of  our  food  do  not 
scruple  to  emplov,  when  it  suits  their  purpose,  the  most  deadly  sub- 
stances, undeterred  by  the  serious  consequences  which  but  too  fre- 
quently result  from  their  use.  Thus,  it  has  been  proved  that  it  is  no 
uncommon  thing  for  them  to  make  use  of  various  preparations  ot 
iron,  lead,  copper,  arsenic,  merciu-y,  &c.  It  is  not  a  little  remarkable 
that  the  majority  of  the  substances  are  had  recoiu-se  to,  not  on  account 
of  bulk  or  weight,  but  for  the  mere  sake  of  colom-s,  which,  thus  pro- 
cured, are  frequently  in  a  high  degree  glaring  and  imnatui-al,  these 
coloiu-s  being  obtained,  too,  at  the  expense  of  quahty  and  favom-.  _ 

\mono-st  the  articles  which  have  abeady  been  ti-eated  ot,  and  m 
which  foreign  colouring  ingredients  have  been  detected,  are  tea, 
chicoiw,  cocoa,  cayenne,  mustard,  pickles,  bottled  frmts  and  vegetables, 
tinned^'vegetables,  potted  meats,  and  fish.  The  ^^\^^>  ^^Jf^.^''^' 
from  complete  as  yet,  and  on  the  present  occasion  we  have  added  other 

The  quantity  of  copper  contained  in  jams  even  in  those  cases  in 
which  it  is  perfectly  certain  that  no  intentional  addition  of  any  salt  of 
that  metal  has  taken  place,  varies  very  greatly.  The  reason  of  this 
variation  in  the  amount  depends,  we  believe,  ^7;^%  J^^.^^^^ 
taken  in  the  preparation  of  the  jams.  Whe^  acids,  .^^^'ifj^^'il' 
are  brou-ht  in  contact  with  a  clean  and  bright  surface  of  copper, 
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BO  immediate  or  direct  action  takes  place  ;  the  metal  must  first  be 
oxidised  before  tire  acid  can  combine  with  it,  tbe  o:^7Jeniov  th^s 
purpose  beino-  derived  from  that  contained  m  the  an,  which  is 
Erconstantly  introduced  into  the  jam  by  the  stoing  which  takes 
place  dm-ino-  its  preparation.  These  facts  show  how  necessary  it  is 
Sat  the  copper  pans,Vhen  employed,  should  ^ept  in  the  bi^ii^^^^^^ 
and  cleanest  state  possible,  and  that  the  jam  shoidd  \\alW 
to  remain  in  contact  with  them  a  moment  longer  than  is  absolutely 
ncessary. 

THE  DETECTION  OE  THE  ADTJETEEATIONS  OE  JAMS. 

For  the  detection  of  the  adulterations  of  jams  the  microscope 

Fig.  141. 


a  pip  of  raspberry ;  b,  of  gooseberry  ;  c,  of  ichile  currant ;  d,  of  black  currant; 
ee,  of  strawberry ;  ff,  otjiff. 

affords,  as  it  does  in  so  many  other  cases,  nearly  the  only  means 
wherebv  the  admixture  of  one  fruit  with  another  can  be  discovered. 
But  before  applying  that  instrument  to  the  detection  of  the  adultera- 
tions of  jam,  it  is  necessary  that  the  structure  of  the  several  fruits 
and  vegetable  substances  employed  and  the  characters  presented  by 
them  should  be  carefully  studied. 
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Fig.  144. 


EPIDETjaiS  OF  TUEXIP. 


Fig.  145. 


Cells  op  Paheschyma  op  Tuhnip. 

Raspberries/ Strawberries,  gooseberries,  and  cm-rants  aa-e  all  dis- 
tinguishable the  one  from  the  other  by  meaus  of  the  seeds  of  the  fruit. 
The  differences  in  the  characters  of  these  are  well  shown  m  the 

^°^BuSereare^other  differences  in  the  caseof  most  of  the  fruits  above 
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named,  either  in  the  cuticle  or  the  hairs  with  which  it  is  clothed,  or  m 
the  cells  which  form  the  pulp. 

The  presence  of  apple  in  jams  may  in  general  be  satisfactorily  dis- 
covered by  means  of  the  microscope.  It  is  not  in  all  cases  easy  to 
distinguish  between  the  rounded  cells  of  the  cooked  pidp  of  the  apple 
and  those  of  the  tiu-nip,  but  a  careful  examination  of  the  jam  will 
generally  disclose  in  it  portions  of  the  cuticle,  pips,  or  of  the  lining 
membrane  of  the  cavities  in  which  these  are  enclosed  (figs.  142  and  143). 

Again,  the  turnip  itself  presents  peculiarities  of  structure  whereby 
in  some  cases  its  presence  may  be  recognised  and  discriminated.  Thus 
the  characters  of  the  cuticle  are  very  different  from  those  of  the  apple, 
the  only  vegetable  fruit  with  which  it  is  liable  to  be  confounded.  The 
form  of  the  cells  composing  the  slrin  are,  as  will  be  seen  from  the  sub- 
joined engraving,  very  difterent,  while  the  average  size  of  the  cells  of 
the  pulp  is  much  smaller  than  that  of  the  apple  (figs.  144  and  145). 

It  is  thus  quite  practicable  to  detect  most  of  the  adulterations 
of  jams  by  admixtm-e  with  other  fruits  and  vegetables  by  means 
of  the  microscope,  but  we  have  as  yet  not  indicated  any  method 
by  which  the  proportions  of  the  diiierent  fruits  employed  may  be 
arrived  at.  This  may  be  effected,  however,  by  ascertaining  the 
number  of  the  pips  of  the  different  fruits  present  in  mixed  jams. 
Although  the  number  of  pips  contained  in  the  different  fruits  varies 
to  a  not  inconsiderable  extent,  we  are  yet  enabled  by  separating 
and  counting  them  to  form  an  approximate  estimate  of  the  composition 
of  the  jam.  Thus  the  niunber  of  pips  in  the  gooseberry  varies  from  25 
to  35,  being  on  an  average  30 ;  strawberry  contains  from  70  to  100, 
the  average  being  85 ;  raspberries  from  55  to  65,  the  average  being  60 ; 
black  currants  from  35  to  45,  the  average  being  40  ;  and  the  white  and 
red  currants  fi-om  3  to  5,  average  4.  o  t    n  ^     ■  ■ 

By  dissolving  and  diffusing  about  a  tablespoouful  of  the  jam  m 
water  the  pips  will  be  left  behind.  They  are  to  be  spread  out  on  a 
white  plate  or  a  piece  of  glass,  and  they  may  then  be  easily  dis- 
tinguished by  their  size  and  other  characters,  including  the  micro- 
scopical appearances. 

In  reference  to  the  detection  of  foreign  or  artificial  red  colouring 
matters,  we  have  met  with  the  following  statements :— '  With  solution 
of  carbonate  of  soda  the  artificial  red  coloming  matter  remains  un- 
chano-ed,  while  the  real  becomes  Hlac  or  green:— Food  Journal. 

According  to  C.  Puscher,  fuchsin,  rosanilin  or  aniline  red  in 
vegetable  jellies  and  juices  may  easily  be  discovered  by  immersing 
in  the  liquid  a  few  thi-eads  of  wool  or  silk,  which  is  coloured  pink 
by  fuchsin,  but  not  by  the  colom-ing  matters  proper  to  the  jeHies.  _ 

According  to  H.  Hager,  the  genuine  syi-up  or  jelly,  when  mixed 
with  nitric  acid  containing  25  per  cent,  of  acid,  remains  red,  while  ar- 
tificially coloured  syrup  turns  yeUow.  The  genuine  syrup,  mixed  with 
an  equal  volume  of  a  solution  of  potash  or  ammonia  of  10  per  cent, 
turns  violet,  with  a  tint  of  green,  blue-green  or  reddish-green,  while 
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the  artificiaUy  coloiu-ed  article  turns,  first  ^ink,  and  after  some  time 

*^\-Vlth"equd  volume  of  soda  solution  tlie  genuine  article  is 
turned  lilac  or  green,  whUe  the  artificially  colom-ed  syrup  is  not,  or 

'''^^^jl'SLt7^il^olu^e  of  a  solution  of  neutral  acetate  of 
lead  in  the  fii-st  case  a  bluish  green  or  greyish  green  and  after  hoiling 
an  olive  green  mixtiu-e  is  produced,  while  the  artificial  coloui'iug  matter 

is  not  essentially  changed.  ,       .      .        j?  i. 

The  methods  for  the  detection  and  estimation  of  copper  have 
already  heen  more  than  once  fully  described. 
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CHAPTER  XXX. 
MUSTARD  AND  ITS  ADULTERATIONS. 

DEFINITION    OF  ADULTERATION. 

Any  foreign  substance  whatever,  either  vegetable  or  mineral ;  the  mixtures  now 
so^frequently  sold  as  mustard  to  be  named  and  sold  as  mixtures. 

The  subioinecl  particulars,  in  reference  to  the  manufacture  of  mustard, 
as  furuis'hed  by  a  manufactm-er,  are  given  by  Pereira : — 

'  The  seeds  of  both  black  and  white  mustard  are  first  crashed  be- 
tween rollers,  and  then  pounded  in  mortars.  The  pounded  seeds  are 
then  sifted.  The  residue  in  the  sieve  is  called  dressings,  or  siftings ; 
what  passes  through  is  im^mre  Jiour  of  mustard.  The  latter,  by  a 
second  siftina:,  yields  piu-e  four  of  mustard,  and  a  second  quantity  of 
dressings.  By  pressm-e  the  dressings  yield  a  fixed  oil,  which  is  used 
for  mixing  with  rape  and  other  oils.' 

THE  COMPOSITION  OF  MUSTAED. 

The  mustard  of  commerce  when  pure  and  genuine  consists  usually 
of  a  mixture  in  different  proportions  of  the  farina,  with  more  or  less  of 
the  husk  of  the  seeds  of  brown  and  white  mustard.  Sometimes  it  is 
made  wholly  from  the  brown  seed,  and_  at  others  the  fanna  ot  the 
white  mustard  seed  is  the  principal  constituent. 

Of  these  seeds  no  very  complete  quantitative  analyses  have  as  yet 
been  made,  although  many  highly  important  particulars  have  been 
ascertained  respecting  their  composition;  thus,  black  or  brown  mus- 
tard, as  it  is  now  generally  named,  consists  for  the  most  part  ot  fred 
oil,  \m,ronic  acid,  C.oH.^NS.O,,  which  is  combmed  with  potash 
forming  a  myronate  of  potash,  and  which  acid  is  converted  ^nto  the 
volatile  oil  of  mustard  or  mlpJiocijanide  of  allyl,  C4H5NS,  q^-jj^  |  S, 
throuo-h  the  agency  of  the  myrosin,  another  constituent  of  brown 
musta'rd,  when  the  two  are  brought  into  contact  through  the  medium 
of  water :  vegetable  albumen,  a  hitter  principle,  a  little  gum  and  sugar, 
a  peculiar  green  substance,  cellulose,  and  mineral  matter. 

White  mustard  diff^ers  essentially  in  its  composition  from  brown ,  it 
also  contains  fixed  oil,  but  in  lieu  of  myi-onic  acid,  convertible  as 
described  into  the  volatile  oil  of  mustard,  it  contams  a  non-volatile, 
bitter,  and  acrid  salt,  termed  sulpJwcyamde  of  sma2nne  {L^,ti,,iy^(J„ 
or  OJIL^NO.,  ONHS),  myrosin,  gum,  cellulose,  mi  mineral  matter 

Now  it  is  on  the  volatile  oil  and  the  acrid  and  somewhat  bitter 
salt  that  the  pungency  and  acridity  of  mustard  depend  and  hence  we 
see  a  strong  reason  why  in  the  mustards  of  commerce  the  fanna  of  the 
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two  species  should  he  Mended  together  :  of  the  two  active  pnuciples 
the  volatile  oil  is  hv  far  the  more  important,  and  hence  the  seed  of  the 
•  brown  mustard  possesses  the  greatest  commercial  value.  It  should  be 
■  stated  that  Henrie  and  Garot  affirm  that  brown  mustard  contains  the 
acrid  principle  as  well  as  the  white  ;  this  statement  we  have  been  able 
to  verify,  as  shown  specially  by  the  action  of  nitric  acid,  caustic  potash, 
and  ferric  chloride  on  the  alcoholic  extract. 

The  acrid  principle  of  white  mustard  appears  to  possess  but  little 
stability  and  although  it  is  stated  by  v.  Babo  to  bear  a  temperature  of 
130°  C.  we  find  that  it  is  readily  affected  by  heat,  and  that  it  is  not 
safe  to 'evaporate  the  alcoholic  solution  containing  it  at  a  higher  tem- 
perature than  about  30°  C.  If  subjected  to  a  much  higher  temperatiu-e 
it  quickly  loses  its  acridity,  and  acquii-es  a  bitter  caramel-like  taste.  _ 
Of  neither  brown  nor  white  mustard  had  any  percentage  analysis 
been  o-iven  imtil  those  made  and  published  by  ourselves  in  an  article  on 
mustard  and  its  adulterations,  in  '  Food,  Water,  and  Air,' for  February 
1874,  and  in  the  few  cases  in  which  the  quantities  of  any  of  the 
constituents  are  stated  they  vary  greatly,  according  to  different  ob- 
servers. Thus,  according  to  Pereira,  the  Jt.ved  oil  forms  about  28  per 
cent,  of  the  seeds  of  black  mustard,  while  Watts  puts  the  yield  at 
18  per  cent,  only,  but  white  mustard  seed,  he  says,  fm'uishes  36  per 
cent.  The  volatile  oil  amounts  to  0-20  per  cent,  according  to  Boutron 
and  Eobiquet ;  0-55  per  cent,  according  to  Aschoff ;  and  0-50  per  cent, 
according  to  Wittstock ;  all  which  quantities  are  much  below  the 
mark,  as^'wiU  be  seen  hereafter.  Now,  as  will  be  shown  presently, 
there  is  little  or  no  difference  in  the  amount  of  fixed  oil  furnished  by 
the  two  descriptions  of  mustard— that  obtained  by  me  fi-om  the  farina 
of  brown  mustard  reaching  35-701  per  cent.,  and  that  from  the  white 
mustard  35-768  per  cent.  Again,  it  is  shovra  by  the  analyses  given 
below  that  the  volatile  oil  occurs  in  much  lai-ger  quantities  than  those 
enumerated  above,  the  amount  which  we  have  obtained  from  one 
sample  being  no  less  than  1-271  per  cent. 

Of  both  brown  and  white  mustard  we  append  the  following  original 
percentage  analyses,  first  published  in  the  article  referred  to : — 
Brown  Mustard  Farina. 


Water  ........  4-845 

Fixed  oU   85''01 

Myronic  acid   4-840 

Myrosin  and  albumen   29-.'i36 

Acrid  salt   3'-^88 

Cellulose   16-766 

Ash   4-7-25 


100-000 

Volatile  oil  1-271 

Nitrogen  5-068 

Sulphur  1-413 


The  oil  extracted  by  ether  from  the  brown  seed  is  of  a  bright  and 
beautiful  emerald  green  colour,  owing  to  the  presence  of  the  peculiar 
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green  principle,  described  as  one  of  its  constituents.  So  deep  and 
remarkable  is  the  colour  of  the  oil  that  it  would  be  easy,  by  means 
of  a  graduated  scale  of  tints,  to  determine  with  \ery  tolerable  cer- 
tainty the  percentage  of  brown  mustard  contained  in  any  sample  of 
mixed  mustard. 

White  Mustard  Farina. 


Water   6-360 

Fixed  oil   35-768 

Acrid  salt   10-983 

Mvi-osin  and  albumen       ....  27-484 

Cellulose   16-295 

Ash   4-110 


100-000 

Nifrogen  5-285 

Sulphur  1-224 


These  analyses,  whether  regarded  from  a  scientific  or  practical  point 
of  view,  are  possessed  of  much  interest. 

The  small  quantity  of  sugar  found  in  mustard  would,  from  the 
method  of  analysis  pursued,  be  included  imder  the  bitter  principle,  and 
the  gum  with  the  cellulose. 

Myronic  acid  occui-s  as  myronate  of  potash  in  the  seed  of  sinapis 
nio-ra.  Myronic  acid  is  a  strongly  acid  liquid,  soluble  in  water  and 
alcohol,  but  insoluble  in  ether.  Myi'onate  of  potash  is  soluble  in  water 
and  alcohol  and  crystallises  in  rhombic  prisms.  It  has  a  bitter  taste 
and  neutral  reaction.  It  undergoes  a  most  remarkable  change  under 
the  influence  of  the  nitrogenous  substance  contained  in  mustard  seed, 
myrosin.  It  decomposes  into  oil  of  mustard,  or  sulphocyanide  of  allyl, 
o-lucose,  and  acid  sulphate  of  potassium,  CioHigKNSjOio  =  O4H5NS  + 

Oil  of  mustard  is  not  ready  contained  m  the  seed,  but  is  formed 
by  the  decomposition  of  the  myronate  of  potash.  It  possesses  the 
odour  of  mustard  in  so  high  a  degi-ee,  that  the  smallest  quantity  of 
vapoiu-  excites  tears.  It  blisters  the  skin,  boils  at  148°  C.  and  has  a 
specific  gravity  of  1-015  at  20°.  In  contact  with  aqueous  ammonia 
it  takes  up  one  molecule  of  ammonia  and  foi-ms  a  crystalline,  non- 
volatile substance,  thiosinnnmine,  CJI^NS,  NII3.  _  _ 

Myrosin  is  the  name  of  the  albuminous  substance  contained  in 
mustard.  It  has  the  closest  resemblance  to  the  other  albuminous 
bodies.  '  It  is  coagulated  by  heat  and  by  alcohol.  If  coagulated  it 
no  lono-er  eflects  the  decomposition  of  the  myronates. 

Suhhocyanide  of  sinapin  occurs  both  in  white  and  black  mustard, 
but  in  white  in  the  largest  proportion.  It  crystaUises  in  white  needles 
or  fflassy  prisms.  It  is  neutral,  iuodoi'ous,  of  a  bitter  and  burning 
taste.    Fusing  point  130°  C.    It  is  soluble  in  water  and  alcohol. 

These  being  the  principal  and  characteristic  constituents  of  both 
black  and  white  mustard,  we  now  proceed  to  describe  the  analysis  of 
mustard. 
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THE  ANALYSIS  OF  MUSTARD. 
The  substances  with  which  we  shall  have  to  deal  ave—ivater,  fixed 
oil  mxironic  acid,  myrosinov  albumen,  sinainn,  cellulose  and  mineral  matter. 

'Estimation  of  water,  fatty  and  mineral  matters.— We  have  already 
so  often  described  the  processes  for  the  estimation  of  these  sub- 
stances, that  we  refrain  fi-oni  doing  so  again. 

Estimation  of  the  myronic  «w"f?.— Myronate  of  potash  decomposes 
under  the  influence  of  the  nitrogenous  matter  contained  in  brown  mus- 
tard into  volatile  oil,  glucose,  and  acid  sulphate  of  potash;  the  quantity 
of  each  of  these  products  of  decomposition  gives  therefore  by  simple 
calculation  the  quantity  of  the  myronic  acid.  100  parts  of  this  acid, 
vield  23-85  parts  of  volatile  oil.  From  40  to  50  grammes  of  the 
mustard  farina  are  placed  in  a  flask  of  about  ^  litre  capacity ;  250  cc.  of 
tepid  water  are  poured  over  it,  the  flask  closed  with  a  cork,  and  the 
whole  is  well  shaken.  After  twenty-fom-  hours'  standing,  the  flask  is 
connected  with  a  Liebig  condenser,  and  its  contents  are  heated  to 
boilins'.  Into  the  receiver  30  cc.  of  strong  ammonia  are  pom-ed  and. 
the  end  of  the  condenser  is  dipped  below  the  siu-face  of  the  liquid. 
Water  and  the  volatile  oil  pass  over,  the  latter  at  first  floating  in  the 
shape  of  oily  drops  ou  the  surface  of  the  liquid,  which  soon  sinlf  to  the 
bottom,  especially  when  the  liquid  is  gently  agitated.  When  the 
distillation  is  finished,  which  is  the  case  when  no  more  oil  globules 
pass  over,  the  receiver  is  closed  with  a  cork  and  allowed  to  stand  for 
twenty-four  hom's.  At  the  end  of  that  time  aU  the  oil  is  dissolved  and. 
is  now  contained  in  the  liquid  in  the  form  of  thiosinnaniiu.  This  solu- 
tion is  evaporated  on  the  water-bath  in  a  weighed  platinum  basin,  the 
residue  dried  and  weighed.  The  quantity  of  thiosinnamin  obtained, 
minus  one  molecule  of  ammonia,  represents  the  amount  of  the  vola- 
tile oil. 

Estimation  of  the  myrosin,  or  albumen,  and  of  the  sulphocyamde 
of  sinapin. — The  total  amounts  of  niti'Ogen  and  sulphm-  contained  in 
the  mustard  are  next  ascertained.  The  foi-mer  by  combustion  with 
soda-lime  in  the  well-known  manner,  the  latter  by  deflagration  of  the 
mustard  and  oxidation  of  its  sulphur-  in  a  mixtiu-e  of  nitrate  of  soda 
and  carbonate  of  potash.  The  fused  mass  is  dissolved  in  water  or 
dilute  acid,  and  the  sulphuric  acid  contained  in  the  solution  is  esti- 
mated by  means  of  chloride  of  barium.  From  these  data  the  amounts 
of  the  myrosin  and  of  the  sulphocyanide  of  sinapin,  the  acrid  principle, 
are  thus"  calculated  ;  as  much  sulphur  and  nitrogen  are  fii-st  deducted 
from  the  totals  of  these  substances  obtained  as  is  contamed  in  the 
quantity  of  myronic  acid  previously  detei-mined.  Next,  the  whole  of 
the  remaining  sulphur  and  as  much  of  the  nitrogen  as  is  required 
are  then  calculated  into  the  aci-id  principle;  lastly,  the  surplus 
nitrogen  is  calculated  into  myi-osin,  which  has  the  same  formula  as 
vegetable  albumen.  But  now,  having  ^ot  at  approximately  the  amounts 
of  the  acrid  principle  and  of  the  myrosin,  a  further  calculation  has  to  be 


514 


MUSTARD  AND  ITS  ADULTERATIONS. 


made,  since  myrosin  contains  about  1  per  cent,  of  sulphur.  This  has  to 

he  deducted  from  the  total  acrid  principle,  a  corresponding  quantity 
of  nitrogen  being  in  its  turn  calculated  into  myrosin.  By  those 
acquainted  with  algebra,  it  will  be  readily  perceived  that  a  more  precise 
calculation  may  be  made,  but  the  results  would  not,  even  then,  difier  to 
any  practical  extent. 

ANALYSES  OP  SAMPLES  01'  GENTJINE  MTTSTAED  01"  DIFFERENT  QTJAIIXIES. 

Having  given  the  analyses  of  the  farinas  of  brown  and  white 
mustard,  we  will  now  proceed  to  state  those  of  certain  qualities  of 
mustard  distinguished  by  different  names,  and  consisting  of  mixtm-es 
in  different  proportions  of  black  and  white  mustard : — 
Genuine  Mustard. 

Water  

Fixed  oil     .      •      •  • 
Mj'i-onic  acid 
Myrosin  and  albumen  . 
Acrid  salt  and  bitter  principle 
Cellulose  .... 
Ash  


Oil  of  mustard 
Nitrogen  .... 
Sulphur  .... 

Genuine  double  superfne. 

Water  

Fixed  oil     .      .      •  • 
Myronic  acid 

Myrosin       .       .       .  • 
Acrid  salt  and  bitter  principle 
Cellulose      .      .      •  • 
Ash  


5-702 
36-491 

2-704 
31-686 

5-714 
13-373 

4-  330 

100-000 

0-  710 

5-  341 

1-  308 


Genuine  fine. 

Water  

Fixed  oil  . 
Myronic  acid 

Myrosin       .       .       .  • 
Acrid  salt  and  bitter  principle 
Cellulose  .... 
Ash  


Volatile  oil  . 
Nitrogen 
Sulphur 

Genuine  superfine 

Water  .      .      .  • 
Fixed  oil     .  . 
Myronic  acid 
Myrosin  ... 
Acrid  salt  and  bitter  principle 
Cellulose 

Ash     ...  • 


5-163 
35-942 

2-212 
27-360 

9-085 
15-574 

4-  664 

100-000 

0-  581 

5-  047 

1-  424 


Volatile  oil 

Nitrogen 

Sulphur 


5-592 
34-714 

1-971 
31-021 

7-098 
15-284 

4-  320 

100-000 

0-  518 

5-  460 

1-  246 


Volatile  oil  . 

Nitrogen 

Sulphur 

Pure. 

Water  . 
Fixed  oil 
Myronic  acid 
Myrosin 

Acrid  salt  and  bitter  pr 
Cellulose 
Ash  . 


■inciple 


Volatile  oil  . 

Nitrogen  .  .  •  • 
Sulphur       .       .       •  • 

Household  Mustard. 

Water  . 
Fixed  oil 
Myronic  acid 
Acrid  principle 
Mvrosin 
Ash  . 
Cellulose 


Volatile  oil 

Nitrogen 

Sulphur 


5-683 
35-241 
0-9-^2 
27-897 
10-062 
15-542 

4-  653 

100-000 

0-  242 

5-  159 

1-  297 


5-084 
33-979 

0-963 
27-616 
11-258 
16-807 

4-  293 

100-000 

0-  253 

5-  208 

1-  403 


5-294 
86-748 

1-7-25 

8-7.11 
27-475 

3-690 
16-317 

100-000 

0-  453 
5-026 

1-  314 
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Now  the  six  analyses  above  given  prove  two  tliinps— first,  that  all 
the  samples  are  genuine  ;  this  is  shown  by  the  quantities  of  fixed  oil, 
uiti-oo-en,  and  sulphm-  obtained  ;  and  that  they  consist  of  mixtures  of 
the  two  mustards  in  different  proportions,  the  higher  qualities  con- 
taining larffer  proportions  of  the  brown  mustard ;  that  this  is  so  is 
demoiistrated  by  the  different  quantities  of  volatile  oil  obtained. 

ANALYSES  OP  MIXED  OR  ADULTERATED  MUSTARDS. 

We  shall  in  the  next  place  proceed  to  give  the  analyses  of  some 
mixed  or  adulterated  mustards  of  different  qualities,  and  distinguished 
by  various  names.  The  analyses  were  conducted  as  in  the  case  of 
the  genuine  mustards,  the  only  difference  being  that  an  allowance  was 
made  for  the  nitrogen  of  the  wheat  flour : — 
Double  superfine. 


Water 
Fixed  oil  . 
MjTonic  .icid 
A  crid  principle  . 
Myrosin 

Wheat  flour  and  turmeric 
Cellulose 

Ash  .... 


Volatile  oil 

Nitrogen 

Sulphur 


Fine. 


Water  .... 
Fixed  oil  . 
Myronic  acid 
Acrid  principle  . 
Myrosin 

Wheat  flour  and  turmeric 


4-941 
27-522 
3-1S6 
1-851 
23-155 

22-  986 
13-055 

3-  354 

100-000 
0-850 

4-  242 

0-  945 

6-510 

23-  160 

1-  359 

5-  808 
19-501 
27-204 


Cellulose 
Ash  . 


Volatile  oil 

Nitrogen 

Sulphur 


Superior. 


Water  . 
Fixed  oil  . 
Mj'ronic  ncid 
Acrid  principle  . 
Myrosin       .  , 
Wheat  flour  and  turmeric 
Cellulose 

Ash  .... 


Volatile  oil 

Nitrogen 

Sulphur 


12-841 
3-617 

100-000 
0-357 

3-  850 

0-  959 

4-  973 
25-172 

1-  200 
4-313 

23-244 
•25-820 
11-495 
3783 

100-000 

0-  315 
4-074 

1-  057 


now  add  those  of  some  samples 


of  mixed  mustard  purchased  in  the 

loose  state  at  some  shops 

in  Lon- 

don : — 

Suerts. 

Alexander. 

Water  

8-943 

Water  

8-347 

Fixed  oil  . 

23-876 

Fixed  oil     ...  . 

29-604 

Myronic  acid 

1-565 

Myronic  acid 

1-915 

Acrid  principle 

6-451 

Acrid  principle 

3-150 

Myrosin      .       .       .  . 

14-484 

Myrosin       .       .      .  . 

13-893 

Wheat  flour  and  turmeric  . 

33-815 

Wheat  flour  and  turmeric  . 

30-514 

Cellulose     .      .      .  . 

7-076 

Cellulose      .      .       .  . 

8-987 

Ash     ...  . 

3-790 

Ash  

3-590 

100-000 

100-000 

Volatile  oil  . 

0-411 

Volatile  oil  . 

0-503 

Nitrogen      .      .      .  . 

8-339 

Nitrogen      .      .      .  . 

3-164 

Sulphur      .      .      .  . 

0-997 

Sulphur       .      .      .  . 

0-809 

L  L  2 
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Lindsey. 
Water  .... 
Fixed  oil  . 
Myronic  acid 
Acrid  principle  . 
Mvrosin 

Wheat  flour  and  turmeric 
Cellulose 

Ash     ...  • 


Volatile  oil  . 

Nitrosen 

Sulphur 

Gilbert. 

Water  .      •      .  • 
Fixed  oil  . 
Mj'ronic  acid 
Acrid  principle  . 
Mvrosin 

W'heat  flour  and  turmeric 
Cellulose 

Ash     ...  • 


8-870 
21-536 
0-985 
6-210 
21-760 
25-208 
11-688 

3-  743 

100000 
0-259 

4-  304 
0-938 


6-280 
22-OKO 
1-127 
4-253 
15-302 
38-820 
8-405 
3-753 

100-000 
0-296 
3-464 
0-817 


Goodman. 

Water  . 
Fixed  oil 
Myronic  acid 
Acrid  principle 
My  rosin 
Wheat  flour  . 
Cellulose 
Ash  . 


Volatile  oil 

Nitrogen 

Sulphur 


aark. 


Water  . 
Fixed  oil 
Myronic  acid 
Acrid  principle 
Mji-osin 
Wheat  flour . 
Cellulose 
Ash  . 


Volatile  oil 
Nitrogen 
Sulphur 


8-950 
26  896 
1-816 
5-186 
15-577 
30-559 

7-  276 

8-  740 

100-000 
0-477 
8-374 
0-941 


9-582 
18-314 
0-385 

7-  026 
20-818 
32-805 

8-  653 
2-417 

100-000 
0-101 
8-325 
0-905 


Volatile  oil  . 
Nitrogen 
Sulphur 

From  an  examination  of  the  foreproinc^  analyses  it  WJ^^^^^^^^ 
genuine  hroum  mustard  should  contam  ahout  36  per  -^ent.  of  fixed  0  1 
f  t^east  1  ner  cent,  of  volatile  oil  of  mustard,  ahout  4  per  cent  of  aciid 
SincMe  S  that  it  shotdd  fm-nish  ahout  1-5  per  cent,  of  ^ulpMr  and  5 
pimcipie,  an   lu       ^         o-enuine  white  mustard  should  yield  ahout 

?S  r^lo'uK  kid'on,  ova- 10  pe;  cent  of  -id  » 

.A^M...t.^ ^n^^^^  a^'affr  S Ted^ced,  according  to  the  extent 
nitrogen  and  s'-^lPf  ^  con^Tstino-  in  the  mustards  now  reported 
of  the  admixtm-es  these  ^''^^f'^'^^      :^^    Thus  the  fixed  oil  was 

• oT^f  th^  stp^  ?il Tp"  cent'  the  normal  amount, 
reduced  in  one  ot  t^^^  sampieb  1       ,    ^   ,  . '      ^  q-I  per  cent.; 

to  ahout  ntniSie'sample tJe sulphur 

and  the  ™t™fo^g\°i^J^l' T^^^^  amount  of  wheat  flour  and  turmeric 

^aded  tni  2^91  p'^  centlto  38-82  per  cent.,  that  is  to  say,  from  one- 

fom-th  to  one-third  of  the  article. 
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It  has  ali-eady  been  pointed  out  that  the  ttmneric  is  added  to  the 
mustard  simply  for  the  sake  of  its  colour,  and  to  cover  and  conceal 
the  addition  of  the  wheat  flour.  In  favour  of  this  addition  it  is  be- 
lieved that  not  a  single  reason  can  be  adduced,  except  possibly  that 
its  use  allows  of  the  addition  of  a  larger  quantity  of  brown  mustard- 
seed  than  could  otherwise  be  employed  at  a  given  price,  and  tha,t  thus 
the  public  gain  an  advantage,  wheat  flour  being,  of  course,  cheaper 
than  white  mustard,  which  again  is  less  costly  than  brown  mustard  ; 
but  this  diflerence  in  the  cost  must  really  be  very  inconsiderable,  and 
if  obtained  at  the  expense  of  the  pm-ity  of  the  article,  the  practice 
should  be  abandoned.  At  aU  events,  it  is  wi-ong  and  misleading  to 
call  these  mixed  articles  by  the  name  of  mustard.  By  making  mustard 
in  all  cases  either  entirely  of  the  brown  seed  or  of  admixtiu'es  oi  the 
brown  and  white  seed,  a  wide  range  in  the  qualities  and  prices  of 
mustard  is  obtained,  and  the  mustard  in  which  the  white  seed  greatly 
predominates  can  be  sold,  we  know,  at  a  very  low  price.  We  trust, 
therefore,  that  the  time  has  now  an-ived  for  the  abandonment  of  the  use 
of  wheat  flour  and  turmeric  in  the  manufacture  of  mustard,  and  that, 
if  the  sale  of  the  mixtures  still  be  allowed,  the  law  will  continue  to 
render  it  compulsory  that  the  mixed  articles  should  be  sold  only  as 
mixtm-es,  and  not  under  the  name  of  mustard  simply.  We  even  regard 
the  manufactm-e  of  several  varieties  and  qualities  of  the  same  article, 
as  mustard  for  example,  a  very  great  evil,  and  the  public  suffers  in 
pocket  to  a  large  extent  thereby,  the  lowest  qualities  of  these  mixtm'es 
being  constantly  sold  at  the  price  of  the  higher,  and  especially  is  this 
the  case  in  poor  neighbourhoods.  This  is  an  evil  which,  so  far,  has 
been  but  little  dwelt  upon,  but  it  is  nevertheless  most  serious,  and  it 
vitiates  the  trade  in  the  articles  mustard,  cocoa,  and  vinegar. 

STRTJCTUEE  OP  MTTSTAED  SEED. 

Every  entire  seed  consists  of  two  parts,  the  husk  and  the  seed 
proper. 

The  husk  of  white  mustard  seed  is  constituted  of  three  distinct 
membranes. 

The  outer  membrane  is  transparent,  and  mucilaginous  ;  it  consists 
of  a  layer  formed  apparently  of  two  difterent  kinds  of  cells  of  large 
size  and  very  peculiar  structure :  those  of  the  first  land  are  of  an  hexa- 
gonal figure,  and  united  by  their  edges  so  as  to  form  a  distinct  mem- 
brane, the  centre  of  each  cell  being  perforated  ;  the  cells  of  the  second 
kind  occupy  the  apertm-es  which  exist  in  the  previously  described 
cells,  and  they  are  themselves  traversed  by  a  somewhat  funnel-shaped 
tube,  which  appears  to  terminate  on  the  surface  of  the  seed ;  immersed 
in  water,  these  cells  swell  up  to  several  times  their  original  volume, 
occasion  the  rupture  of  the  hexagonal  cells,  and  become  themselves 
much  wrinkled  or  corragated,  the  extremity  of  the  tubes  in  some 
cases  being  seen  protruding  from  the  proximate  termination  of  the  cells. 
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It  is  possible,  however,  that  what  are  here  described  as  two  different 
kinds  of  cells  really  form  distinct  parts  of  the  same  cells  (fig.  146). 

It  has  been  noticed  that  when  white  mustard  seeds  are  digested  in 
water,  a  thick  mucilaginous  liquid  is  obtained ;  the  source  of  the  mu- 
cilage does  not  appear  to  have  been  pointed  out ;  it  is  certainly,  how- 
ever, derived  from  the  cells  forming  the  tissue  above  described. 


Fig.  146. 


Fragment  of  the  outer-  membrane  of  tlie  seed  of  Whtte  Mustard. 
Magnified  220  diameters. 


The  middle  tunic  consists  of  a  single  layer  of  very  minute  cells,  of 
an  angular  form  ;  it  is  in  the  cavities  of  these  that  the  chief  parts  of  the 
colouring  matter  possessed  by  the  husk  is  seated. 

The  inner  membrane  also  consists  of  a  single  layer  of  angular  cells, 
which,  however,  are  several  times  larger  than  those  constituting  the 
middle  tunic  (fig.  147). 
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The  seed  itself  is  of  a  bright  yellow  colour,  and  of  a  soft,  waxy  con- 
sistence, depending  upon  the  quantity  of  oil  it  contains  ;  it  consists 
of  innumerable  very  minute  cells,  in  the  ca^^tles  of  which  the  oil  and 
other  active  principles  are  contained  (fig.  148). 

Notwithstanding  the  terms  '  flom- '  and  '  farina  of  mustard  com- 
monly employed,  ripe  mustard  seed  does  not  contain  a  single  starch 
gi-anule,  as  may  be  ascertained  by  means  of  iodine  and  the  micro- 

s<=°P^-  '  Fi..  147. 


Fragments  of  the  mfddZe  and  inner  tunics  of  While  Mustard  seed,  the  former 
covering  and  lying  upon  a  part  of  the  latter.  Magnified  220  diameters .  A. 
Portion  of  the  middle  tunic.  B.  A  fragment  of  the  inner  tunic,  sho\7ing  the 
structure  of  that  membrane. 

In  blacJc  mustard,  the  outer  membrane  of  the  seed  consists  only  of 
the  large  hexagonal  transparent  cells  disposed  in  two  or  three  layers, 
and  not  perforated  in  the  centre  like  those  of  white  mustard ;  the 
other  structures  resemble  those  of  white  mustard  (fig.  149). 

THE  ADULTERATIONS  OF  MUSTARD. 

The  ordinary  adulterations  of  mustard  are  with  ^vheat  flour  and 
turmetic,  the  employment  of  the  fii'st-uamed  article  necessitating  the 
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use  of  the  other  to  restore  or  bring  up  the  colour  to  the  original 
standard. 

We  have  already  recorded  the  results  of  many  quantitative  analyses 
of  mustard,  both  genuine  and  adulterated.  The  results  of  the  exami- 
nation of  42  samples  of  mustard  which  were  pm-chased  in  the  metropoUs 
some  time  back  proved  the  whole  of  them  to  be  adulterated  and  to 
consist  of  mixtures,  in  various  proportions,  of  ivheat  Jlour ,  turmeric,  and 
mustard. 

Other  adulterations  sometimes  practised  are  those  with  Cayenne 
pep2Kr,  ginger,  Sinapis  arvensis,  or  charlock,  potato  Jlour,  ground  rice. 

Kg.  148. 


To  if  • 


SamiDle  of  amuiw  ground  Whtte  Mtistard.  Dra-n-n  witli  the  Camera  Lucida, 
'  and  magnified  220  diameters. 

silicate  of  alumina  or  clay,  plaster  of  Paris,  and  chromate  of  lead.  The 
pepper  is  used  to  impart  pungency  to  it  when  it  has  been  othei-wise 
adulterated :  the  clay  and  most  of  the  other  mineral  substances  tor  bulk 
and  weight;  and  the  chromate  of  lead  to  restore  the  colom-  when 
reduced  by  other  adulterations.  ,i    t,  r 

Mr  Warington  stated,  in  his  e^adence  before  the  Parhamentaiy 
Committee  on  Adulteration  in  1856,  that  some  of  the  samples  ot 
mustard  which  he  examined  contained  from  20  to  30  per  cent,  ot 
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inor-^anic  matter,  chiefly  sulphate  of  lime ;  the  genuine  mustard  when 
burned  yielding  from  4*  to  6^  per  cent,  of  residue. 

Mr  Gay,  formerly  a' mustard  and  chicory  manufacturer,  and  atter- 
wards  Supenntendent  of  the  Mustard  Department _  m  Her  Majesty  s 
Victuallino-  Yaid  at  Deptford,  furnished  the  Committee  above  named 


Fig.  149. 


Eusk  o£  Black  Mustard  seed.  Magnified  220  diameters. 

with,  amongst  other  information,  the  following  respecting  the  adultera- 
tion of  mustard.    He  stated : — 

'  I  believe  very  few  scruple  to  use  wheaten  flour,  turmeric,  and 
Cayenne  pepper.  The  adulterants  I  used  were  flour,  turmeric,  Cayenne 
pepper,  and  //wir/er. 

'  But  farina'  is  also  used,  and  2ootato  starch  is  used  to  a  very  great 
extent ;  and  now,  I  am  sorry  to  say,  what  one  of  the  witnesses  called 
terra  alba,  or  plaster  of  Paris.    I  have  had  some  samples  in  my  ofiice 


522 


MUSTATID  AND  ITS  ADULTERATIONS. 


jn  the  mustard  department  since  I  have  heen  in  my  present  situation, 
from  which  I  have  extracted  5  ounces  of  gypsum  in  the  pound ;  from 
another  sample  I  got  6  ounces  of  7-ice  and  wheaten  flour.  I  have  seen 
more  than  50  per  cent,  of  gypsum  in  mustard.' 

With  regard  to  the  adiUteration  of  mustard  with  charlock,  Mr.  Gay 
remarliS,  '  When  mustard  seed  is  worth  20s.  per  hushel,  and  charlock 
about  6s.  or  8s.  a  bushel,  it  is  worth  baying.' 

It  is  also  alleged  that  jwa  Jiour,  radish  and  rape  seed,  linseed  meal, 
and  yelloio  ochre  have  been  employed  in  the  adulteration  of  mustard. 

Pig.  150. 


TTiif  ensraving  represents  the  articles  detected  in-  a  sample  of  so-called  double 
mperlne  Mustard':  a  a,  wJtealenflour;  b  b,  cells  of  turmenc  powd^ c 
Z^oZf  husk  of  black  mustard;  d.  cells  of  outer  tunic  of  while  mustard 
seed  ;  e  e,  fragments  of  the  seed  Itself. 

No  less  than  four  different  qualities  of  mustard  are  supplied  by  the 
mustard  manufacturer,  under  the  name  of  '  Seconds,'  '  Fme,'  '  Super- 
fine,' and  'Double  Superfine;'  the  chief  difference  between  these 
articles  is  that  the  lower  the  quality  the  larger  the  proportion  of  wheat 
flour  and  turmeric  which  they  contain.  .      n       ^   j  ■ 

The  practice  of  making  so  many  different  qualities  of  mustard  is 
open  to  much  obiectiou,  since  it  gives  the  unscrimulous  dealer  the 
gi-eatest  scope  for  imposition.    The  poor  man  buys  his  mustard  by  the 
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ounce,  and  for  this  he  usually  pays  Id.,  receiving  in  retiu-n  seconds, 
iine,  or  superfine  mustard,  according  to  the  conscience  of  the  vendor. 

It  can  now  be  understood  how  it  happens  that  some  of  the  mixtures 
which  we  buy  for  mustard  scarcely  possess  the  flavoiu-  of  that  article, 
and  how,  when  used  for  poidtices,  they  produce  little  or  no  eftect,  a 
matter  oftentimes  of  vital  consequence. 

Doubtless  we  shall  be  told  by  the  mustard  manufacturer  that 
genuine  mustard  is  a  very  unpalatable  thing,  that  it  is  bitter  to  the 


Fig.  151. 


Mustard,  a  a ;  adulterated  with  h  b,  wheat  flour ;  c  c,  turmeric ;  and  d  d, 
Cayenne.   Magnified  225  diameters. 


taste,  and  not  pleasant  to  look  at ;  but  the  answer  to  this  is  that  the 
article  mustard  is  not  always  made  according  to  one  receipt,  and  that 
there  exist,  even  in  England,  a  few  manufactui-ers  who  make  and  sell 
only  genuine  mustard,  and  that  the  demand  for  genuine  mustard  has 
of  late  undergone  a  very  gi'eat  extension,  In  fact,  ere  long  we  believe 
but  little  else  than  the  genuine  article  will  be  manufactured  and  sold. 

THE  DETECTION  OF  THE  ADULTERATIONS  OF  MX7STAED. 

The  defpction  of  the  organic  adtdtercdions. — The  detection  of  the 
ordinary  adulterations  of  mustard  is  efi'ected  very  readily  by  means  of 
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the  microscope.  The  characters  of  wheat  flour  are  described  and 
fio-ured  at  p.  ^89,  and  of  turmeric  under  the  head  of  that  article. 

The  adulterations  by  the  other  yegetable  substances  referred  to  are 
also  discoverable  with  the  microscope.  Descriptions  and  fi<,'ures  of 
pod  pepper  will  be  found  imder  the  head  of  '  Cayenne,'  and  of  linseed 
meal  under  that  of  '  Pepper.' 

The  presence  of  turmeric  is  also  discovered  by  adding  strong  am- 
monia to  a  small  quantity  of  the  mustard,  causing  it  to  become  of  an 

Fig.  152. 


Husk  of  Charlock  Seed,  Sinapis  arvensis.   Magnified  220  diameters. 

oran-^e  red  colour  if  that  substance  is  present.  This  is  a  veiT  simple 
and  eificient  test.  The  characters  of  mustard,  adulterated  with  wheat 
flour,  tm-meric,  and  Cayenne,  are  exhibited  in  figs.  150  and  151. 

On  one  occasion  we  succeeded  in  detecting  by  the  microscope  tur- 
meric in  a  sample  of  mustard  when  added  in  the  minute  proportion  of 
two  ounces  to  fifty-six  pounds  of  seed,  or  one  part  of  turmenc  to  44»--| 
parts  of  mustard. 
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As  there  is  good  reason  to  believe  that  the  seeds  of  charlock  and 
e.  are  sometimes  employed  in  the  adulteration  of  mustard,  we 
)end  figiu-es  and  descriptions  of  the  husks  of  those  seeds. 
Structure  of  Sina^is  arvensis,  or  Charlock.— The  husk  of  this  seed 


rig.  153. 


Sutk  of  Eape  Seed.  Magnified  220  diameters. 


resemhles  in  colom-  very  closely  black  mustard,  from  which,  how- 
ever, OQ  a  careful  examination,  it  may  be  discriminated  by  means 
of  the  microscope,  notwithstanding  the  statement  of  Mr.  Gay,  made 
before  the  Parliamentary  Oommittee,  'that  no  analytical  chemist 
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could  detect  charlock  seed  mixed  with  mustard,  even  with  the  micro- 
scope.' 

>Vhile  it  agrees  in  colour  with  the  husk  of  hlack  mustard,  it  ap- 
proaches in  structure  nearer  that  of  white  mustard,  from  wliich,  how- 
ever, it  may  be  distinguished  in  the  most  satisfactory  manner.  The 
chief  difference  is  in  the  cells  of  the  outer  or  mucilaginous  coat ;  these 
are  smaller  and  more  delicate  than  those  of  the  husk  of  white  mustard ; 


Fipr.  154. 


Husk  of  seed  described  as  East  Indian  llape,  but  which  resembles  a  species 
of  Mustard.    Magnified  220  diameters. 

they  are  perforated  like  them,  however,  but  in  addition  they  each  seem 
to  be  made  up  of  umnerous  angular  very  delicate  and  minute  cells ; 
these  are  very  characteristic  of  the  seeds  of  charlock  (fig.  152). 

Structure  of  rcqje  seed. — The  membranes  fonuing  the  husk  of  rape 
seed  are  so  distinct  that  no  difficulty  need  be  experienced  in  distin- 
guishing this  seed  from  those  of  any  of  the  mustards.    It  is  composed 
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of  two  membranes,  the  outer  resemWiug  somewhat  the  second  mem- 
brane of  the  husk  of  the  mustards,  but  the  cells  are  much  larger,  aud 
in  consequence  their  cavities  do  not  appear  black  in  general,  but  more 
or  less  light,  the  walls  of  the  cells  being  thick  and  well  defined  ;  near 
the  umbilicus  of  the  seed  the  cells  usually  are  disposed  in  a  linear 
manner.    The  innermost  membrane  does  not  present  any  peculiarity 

(fig.  153).  „  .     .  , 

In  a  sample  of  rape  cake  foi-warded  to  us  for  examination,  and  sus- 
pected to  be  adulterated  with  mustard,  we  met  with  what  appeared 
to  be  the  husk  of  a  species  of  mustard.    It  is  represented  in  fig.  155. 


Fig.  155. 


Transverse  and  Vertical  Sections  of  husk  of  a  species  of  Mustard  Sfed  met  with 
in  a  sample  of  adulterated  rape,  and  from  the  consumption  of  wliich  some 
cattle  are  said  to  have  died. 

It  approaches  in  structiu-e  most  nearly  to  the  husk  of  black  mustard, 
but  the  cells  of  the  first  coat  are  perforated,  and  those  of  both  the 
first  and  second  coats  are  much  larger ;  in  the  large  size  of  the  cells 
of  the  second  coat  it  comes  somewhat  near  to  the  husk  of  rape  seed  ; 
but  then  in  this  we  have  never  met  with  any  outer  coat  of  large 
colourless  cells.  The  husk  in  question,  therefore,  belongs  most  pro- 
bably to  some  foreign  species  of  mustard. 

Radish  seed,  on  account  of  its  price,  is  scarcely  likely  to  be  employed 
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in  the  adulteration  of  mustard  ;  it  is  not  necessary,  therefore,  to  give 
a  description  of  its  structiu'e. 

THE  DETECTION  OE  THE  INORGANIC  ADtJLTEEATIONS. 

For  the  discovery  of  the  inoi-ganic  adulterations  of  mustard,  recourse 
must  be  had  to  chemistry. 

The  process  for  the  detection  of  silicate  of  alumina  or  clay  is  given 
at  p.  143  ;  of  gypsum  or  sulphate  of  lime,  at  p.  144 ;  and  of  chrome  yellow 
or  chromate  of  lead  in  the  article  on  '  Colom-ed  Sugar  Confectionery.' 
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CHAPTER  XXXI. 
PEPPER  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  vegetable  or  mineral  substance  or  any  extraneous  mineral  matter 

exceeding  1  per  cent. 

The  natural  family  Piperacece  includes  four  plants  of  great  utility  to 
manldnd ;  two  of  these,  Piper  nigrum,  or  black  pepper,  and  Piper  Ion- 
gum,  more  recently  named  Chavica  Roxhurghii,  or  long  pepper,  are 
chiefly  employed  for  dietetic  and  culinary  purposes ;  whilst  the  others, 
Piper  cubeha,  now  Cuheba  officinalis,  and  Artanthe  elongata,  or  the 
matico  plant,  are  principally  employed  in  medicine. 

The  plant  which  yields  Cayenne,  Capsicum  amvmm,  often  improperly 
termed  Cayenne  pepper,  does  not  iDelong-  to  the  family  of  Piperacece  at 
all,  but  to  that  of  SolanacecB. 

The  pepper  of  commerce  is  furnished  by  Piper  nigrum,  and  it  is  to 
this  species,  therefore,  that  on  the  present  occasion  we  shall  have  to 
direct  attention. 

The  black  pepper  plant  grows  both  in  the  East  and  West  Indies,  in 
Sumatra,  Java,  and  other  islands  ;  it  is  a  shrubby,  climbing  plant, 
which  attains  the  height  of  from  eight  to  twelve  feet.  The  berries,  or 
peppercorns,  grow  on  terminal  flowerstalks  or  spadices;  they  are  at 
first  green,  but  change  subsequently  to  red  and  then  to  black.  When 
any  of  the  benies  on  a  spadix  have  began  to  tm-n  red,  the  whole  are 
gathered,  dried  in  the  sun,  and  the  stalks  separated  by  the  hand.  In 
drying,  the  succulent  part  of  each  berry  becomes  contracted  and 
wiinkled,  forming  a  hardened  wrinkled  cortex  ;  the  corrugations  being- 
much  raised,  and  desciibing  a  kind  of  elevated  network. 

The  following  more  detailed  particulars  concerning  the  gi'owth  of 
the  pepper  plant  and  the  gathering  of  the  berries  are  extracted  from 
M'Culloch's  '  Dictionary  of  Commerce  '  :— 

'  It  climbs  to  the  heifrht  of  twenty  feet,  but  is  said  to  bear  best 
when  restrained  to  the  height  of  twelve  feet.  It  begins  to  produce  at 
about  the  third  year,  and  is  in  perfection  at  the  seventh ;  continues  in 
this  state  for  three  or  fom-  years,  and  declines  for  about  as  many  more, 
until  it  ceases  to  be  worth  keeping.  The  fruit  grows  abundantly  from 
all  its  branches,  in  long,  small  clusters  of  from  twenty  to  fifty  grains  ; 

M  M 


530 


PEPPEK  AKD  ITS  ADULTEEATIONS. 


■when  ripe  it  is  of  a  triglit  red  colour.  After  teing  gathered,  it  is 
spread  oii  mats  in  the  sun,  when  it  loses  its  red  colour,  and  hecomes 
black  and  shrivelled  as  we  see  it.  The  grains  are  separated  from  the 
stalks  by  hand-rubbing.  That  which  has  been  gathered  at  the  proper 
period  shrivels  the  least ;  but  if  plucked  too  soon,  it  will  become  broken 
and  dusty  in  its  removal  from  place  to  place.  The  vine  produces 
two  crops  in  the  year,  but  the  seasons  are  subject  to  great  irregu- 

Those  berries  are  the  best  which  are  not  too  small  nor  too  much 
corruo-ated ;  which  are  hea^y,  and  sink  readily  in  water.  _ 

The  two  varieties  of  pepper  known  as  '  black '  and  '  white  pepper 
are  both  obtained  from  the  same  plant :  black  ground  pepper  is  the 
entire  berry  reduced  to  powder,  while  the  white  consists  of  the  same 
berry  decorticated  or  deprived  of  its  outer  and  black  husk  or  covering. 

We  learn  fi-om  Pereira  that  three  kinds  of  hlach  pepper  are  distin- 
ffuished  by  wholesale  dealers.    These  are  :—  .,,77 

'  Malabar  pejjper— This,  is  the  most  valuable  ;  it  is  hroionish-blacli, 
free  from  stalks,  and  nearly  free  from  dust.' 

'  Penamj  jwjyper. — This  is  broivnish-black,  larger,  smootlier,  li-ee 
fi-om  stallis,  but  very  dusty.  It  is  sometunes  used  in  England  to  ma- 
nufacture white  pepper.'  •,•,77      -  a 

'  Sumatra  peiyjwr.— This  is  the  cheapest  sort ;  it  is  black,  mixed 
with  stalks,  and  contains  much  dust.  Under  the  name  of  Sumatra 
pepper,  some  dealers  include  the  Peuang  or  brownish-black  sort,  and 
the  black  Sumatra  sort.'  1     v  j- 

Three  kinds  or  varieties  of  tvhte  pepiper  have  also  been  distin- 

^^'^^'^miicherry  pepper,  which  is  of  two  kinds  :  large  or  fine  Tellicherry 
pepper  is  larger  and  whiter  than  any  other  description  of  white 
fepper,  and  fetches  a  higher  price  ;  small  or  coriander-like  pepper  is 

^^Y^oiow  ivhUe  pepper  comes  from  Penang  by  Singapore ;  it  is 
round,  and  not  shi-ivelled  ;  its  value  depends  on  its  size  and  whiteness 

'  Enalish  bleached,  or  white  p.^._p.r.-When  the  two  precedmg  sorts 
are  scarce  brown  Penaug  pepper  is  bleached.  The  yellowest  and 
krgit  grains  are  chosen  fol-  this  purpose,  for  neither  an  expensive  nor 
small  sort  would  pay.' 

COMPOSITIOK  OE  PEPPER. 

The  active  properties  of  pepper  depend  upon  the  presence  of  an 
acrid  resS%  vSJle  oil,  and  a  crystallisable  substance  called  P™. 

The  following  is  the  composition  of  black  and  tvMte  pepper,  accord- 
ing- to  Pelletier  ^  and  Lucii  ^  :— 

1  .  Ann.  de  Chim.  et  de  Phys.'  xv.  344.      ^  Schwartze, '  Pharm.  Tabella.' 
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Black  Pepper  (Pelletier), 

White  Pepper  (Luca). 

Acrid  soft  resin. 

Acrid  resin  .... 

16-60 

Volatile  oil. 

Volatile  oil  . 

1-Gl 

Piperine. 

Flxtractive,  gum,  and  salts . 

12-50 

Extractive. 

Starch   

18-50 

Gum. 

Albumen     .      .       .  . 

2-50 

Bassorin. 

* 

Woody  fibre 

29-00 

Starch. 

Water  and  loss  . 

19-29 

Malic  acid. 

Tartaric  acid. 

100-00 

Potash,  lime,  magnesia,  and  salts. 
Woody  fibre. 

Tn  Luca's  analysis  the  piperine  is  probably  included  in  tbe  resin. 
The  resin  is  very  acrid,  soluble  in  alcohol  and  ether,  but  not  in 
volatile  oil. 

The  volatile  oil  has  the  odour  and  taste  of  pepper.  It  boils  at 
167'5°  C.  and  has  a  specific  gravity  of  0-864. 

Piperine,  Oj^HigNOg,  is  a  crystaUisable  substance,  the  crystals 
being  monoclinic  prisms  with  inclined  bases  ;  it  fuses  at  100°  C.  to  a 
pale  yeUow  oil,  which  solidifies  on  cooling  to  a  yellow  ti-ansparent 
resin.  Specific  gravity  of  fused  piperine,  1-1931  at  18°  0. ;  it  is  insoluble 
in  cold  water,  and  only  slightly  so  in  boiling  water ;  it  dissolves  in 
alcohol,  from  which  pipeline  is  thi'own  down  when  water  is  added ; 
ether  and  acetic  acid  also  dissolve  it,  but  the  fii-st  is  not  so  good  a 
solvent  as  alcohol.  It  dissolves  in  volatile  oils  but  not  in  alkalies. 
The  alcoholic  solution  of  the  piperine  has  a  very  hot  taste  like  that  of 
pepper.  With  sti-ong;  sulphuric  acid  it  forms  a  blood-red  liquid ;  nitric 
and  hydrochloric  acids  turn  it  first  gi-eenish-yeUow,  then  orange,  and 
afterwards  red. 

The  brown  resin  which  is  produced  by  the  action  of  nitric  acid  on 
pipei-ine,  accompanied  with  the  evokition  of  the  odoiu-  of  bitter  almond 
oil,  assumes  a  brilliant  blood-red  colour  when  ti-eated  with  caustic 
potash,  and  when  boiled  with  this  it  yields  piperidine,  which  may  be 
distilled  over. 

STRrCTTTRE  OP  PEPPEE. 

Structure  of  the  herry. — The  berry  of  the  black  pepper  plant  pos- 
sesses a  structiu-e  of  considerable  complication,  and  of  much  interest ; 
and  since  without  an  accurate  knowledge  of  its  minute  organisation 
we  cannot  hope  to  be  in  a  position  to  detect  the  numerous  adultera- 
tions to  Avhich  this  article  is  subject,  it  becomes  necessary  to  describe 
somewhat  minutely  the  tissues  which  enter  into  its  formation. 

In  a  section  of  the  beiTy,  two  parts  are  to  be  distinguished — an 
outer  and  an  inner :  the  first  is  blaclc,  or  reddish-black ;  and  the 
second  more  or  less  white,  hard,  and  brittle,  except  in  the  centre  of  the 
seed,  where  it  is  frequently  soft  and  pulverulent. 

Wlien  a  thin  vertical  section  of  the  outer  or  cortical  part  of  the 
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ben-y  is  examined,  by  means  of  the  microscope,  it  is  seen  to  be  com- 
posed of  several  distinct  parts,  each  of  which  is  constituted  of  one  or 
more  layers  of  cells.    Such  a  section  is  represented  m  hg.  im 

The  external  part  of  the  berry,  marked  a  m  the  following  figure,  is 
constituted  of  cells  of  an  elongated  form  placed  yerticaUy.  These 
cells  are  provided  with  a  central  cavity  from  which  lines,  probably 
minute  canals  or  channels,  radiate  towards  the  circumference;  when 
viewed  sideways,  they  appear  rather  more  than  twice  as  long  as  broad  ; 

Fie.  156. 


radiate  cells,  are  shovni  in  fig.  lo^- 
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The  small  angular  cells,  just  noticed,  do  not  appear  to  separate 
readily  from  the  cells  which  occur  immediately  heueath  them,  and  of 
Jvhich  they  are  prohahlv  mere  modifications  ;  strict  y  speaking,  there- 
fore they  ou-ht  to  he  considered  as  forming  part  ot  the  ayer  next  to 
be  descr?hed,°and  we  haye  spoken  of  them  separately  only  for  conye- 
uience  of  reference  and  description.  ,       ^-       i  j.i 

The  cells  now  to  he  described  are  two  or  three_  times  larger  than 
those  preyiously  noticed,  and  yery  numerous,  forming  about  half  the 
thickness  of  the  cortex;  they  are  all  more  or  less  coloured,  and  the 
CO  oS  deepens  as  the  cells  approach  the  next  layer.  The  position  of 
tMs  second  layer  is  pointed  out  at  b,  fig.  156.    The  thn-d  layer  is  yery 

Fig.  157. 


A  portion  of  the  corlex  of  the  Pepper  Berry,  viewed  on  the  surface,  showing 
the  cells  which  form  its  first  and  second  layers.  Drawn  with  the  Camera 
Lucida,  and  magnified  120  diameters. 

thin,  and  is  composed  of  woody  fibre,  bundles  of  sphal  yessels  of  small 
size,  and  formed  of  single  threads  (fig.  156,  c).       _      .      .     ^  i 

The  junction  of  the  second  with  the  third  layer  is  pointed  out  by  a 
dark  line  situated  about  the  middle  of  the  cortex  (see  fig.  156,  c). 

The  fourth  layer  is  composed  of  numerous  large  cells,  and  it  con- 
stitutes the  gi-eater  part  of  the  remaining  half  of  the  cortex  (fig.  156,  d). 
As  the  cells'approach  the  central  part  of  the  beny,  they  become  much 
modified,  two  or  three  times  smaller,  and  of  a  deep  red  colom-  (fig. 
156,  e)  ;  these  ceEs  might  be  described  as  forming  a  fifth  and  distinct 

layer.  „     ,  , 

The  numerous  cells  which  form  the  fourth  layer  contain  a  yery 
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great  abandance  of  oil  globules,  and  it  is  in  it  that  the  essential  oil  of 
the  pepper  berry  is  chiefly  located  (fig.  158). 

The  cells  which  form  the  fifth  and  last  tissue  which  enters  into  the 
composition  of  the  cortex  of  the  pepper  berry  are  di\isible  into  two 
or  three  layers;  the  outer  are  coloured,  and  the  inner  invariably 
colourless  ;  the  coloiuless  cells  present  a  reticulated  appearance,  form- 
ing a  transparent  lamina  which  frequently  separates,  as  a  distinct  tissue 
(fig.  156,/). 

The  central  part  of  the  berry  or  seed  is  constituted  of  cells  of  large 
size  and  angular  shape ;  they  are  about  twice  as  long  as  broad,  and 


Fig.  158. 


A  portion  of  the  fourth  lamina  of  the  cortex  of  Pepper  Berry,  sho-n-ing  the 
oil  cont.ained  in  the  cavities  of  the  cells.  Drawn  with  the  Camera  Lucida, 
and  magnified  120  diameters. 

disposed  in  a  radiate  manner ;  in  the  outer  part  of  the  seed  they  are 
adherent,  hard,  and  stonelike,  while  in  the  centre  they  are  readily 
separable,  and  often  form  a  powder  resembling  flour  (fig.  156,  g,  and 
fig.  159). 

When  the  pepper  berry  is  macerated  in  water  for  some  hours,  the 
cortical  part  apparently  separates  without  difficulty  from  the  seed 
proper;  if,  however,  we  examine  the  surface  of  this  closely,  we  observe 
that  it  is  of  a  reddish  coloiu-,  and  it  becomes  evident  that  a  portion  of 
the  cortex  is  still  adherent,  this  consisting  of  part  of  the  fourth  layer, 
containing  much  of  the  oil,  and  the  fifth  layer. 
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It  now  -becomes  apparent  tliat  the  terms  in  common  use,  'white 
pepper,'  and  '  decorticated  pepper,'  are  not  altogether  correct,  for  the 
Ct  is  not  entirely  denuded  of  the  cortex,  nor  is  its  powder  white, 
foi-  if  a  little  bit  of  it  he  diffused  through  water  on  a  slip  of  glass  red- 
dish particles  immediately  become  visible :  these  ai;e  fr^g-"^^^^^^^^^^^ 
portion  of  the  cortex  which  remains  fiinnly  adherent  to  the  seed  itselt. 
^    When  sections  of  the  inner  part  of  the  pepper  berry  are  immei^ed 

water  for  a  short  time,  they  assume  a  yellowish  or  canary  tint,  and 


Fig.  159. 


Section  of  the  central  portion  of  the  Pepper  Beiwy,  showing  the  two  kinds  of 
cells  of  which  it  is  composed,  the  colonrle«9  and  coloured  cells,  and  also  its 
junction  with  the  cortex.  Drawn  with  the  Camera  Lucida,  and  magnihea 
120  diameters. 

when  examined  with  the  microscope,' the  colour  is  seen  to  be  confined 
to  certain  of  the  cells  only,  of  which  the  sections  are  composed ;  these 
cells  are  rather  larger  than  the  ordinary  cells ;  they  are  placed  at 
tolerably  regular  distances  from  each  other,  and  they  reflect  a  deep 
yellow  colour.  In  recent  sections  which  have  not  been  immersed  in 
water,  the  cells,  which  afterwards  become  yellow,  may  be  distmgui^ed 
by  a  darker  shading,  and  sometimes  by  a  faint  tint  of  colour.  The 
deepening  of  colour  is  deteimined  by  the  action  of  the  salts  contained 
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in  water  on  the  contents  of  these  cells,  which  differ  chemically  from 
those  of  the  ordinary  cells. 

It  is  probably  in  these  coloured  cells  that  the  piperme  is  located. 
Alcohol  and  nitric  acid  deepen  the  tint  very  greatly,  and  on  the  appli- 
cation of  concentrated  sulphuric  acid  to  dry  sections  of  the  pepper 
berry  they  become  of  a  reddish  hue,  the  change  of  coloiu?  being 
limited,  in  the  first  instance,  to  the  peculiar  cells  in  question.  These 
results  of  the  use  of  sulphuric  acid  are  such  as  ensue  with  pipeline 


around  and  unadulterated  Black  Peppeu.   Drawn  with  the  Camera  Lucida, 
and  magnified  120  diameters. 

The  structui-e  of  the  central  part  of  the  pepper  berry,  and  the  posi- 
tion and  character  of  the  coloured  cells,  are  shown  in  fig.  159. 

Now,  in  oTOund  black  pepper,  aU  the  structui-es  which  we  have 
described  mav  be  traced  out  in  a  broken  and  fragmentary  condition 
ffio-.  160),  but  in  white  pepper  certain  of  these  tissues  only  exist- 
viz.,  a  part  of  the  foiu-th  layer  of  cells,  which  contains  the  oil,  and 
the  fifth  cellular  lamina.  j  f 

Before  the  observer  is  in  a  position  to  detect  the  adulterations  ot 
pepper,  it  is  necessary  that  he  should  well  understand  the  appearances 
and  structure  of  ground  pepper,  both  black  and  white. 
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When  black  pepper  is  diffiised  throug-h  water,  little  particles  of 
thi-ee  diflereut  kinds,  intermixed  with  a  fine  powdery  substance,  ar^ 
\-isible  ;  some  of  these  are  black,  others  reddish,  and  the  last  white ; 
the  black  are  fragments  of  the  outer  and  the  red  those  of  the  inner 
cortex,  while  the  white  are  the  pulverised  seed  itself.  The  white 
powder  is  formed  of  the  cells  of  the  seed,  some  united  in  twos  and  threes, 
but  the  majority  either  separated  and  entire  or  broken  into  pieces ; 
these  cells  contain  starch  g-ranides  of  extreme  minuteness.  The  en- 
oTaving  (tig.  160)  will  serve  to  convey  a  good  idea  of  the  appearances 
presented  under  the  microscope  by  ground  and  unadulterated  black 
pepper. 

In  the  black  particles  but  little  evidence  of  structure  is  in  general 
to  be  seen,  and  where  doubt  is  entertained  of  their  nature,  it  is  neces- 
saiT  that  they  should  first  be  bleached  with  chlorine,  torn  into  pieces 
with  needles,  and  then  examined  with  the  microscope. 

In  o-enuine  white  pepper  no  black  fragments  ought  to  be  seen,  but 
numerous  reddish-brown  particles  are  always  present,  usually  adhe- 
rent to  the  white  cells  which  form  the  central  part  of  the  berry. 

These  white  cells,  when  separated  from  each  other,  whether  entire 
or  broken,  being  of  angular  form,  very  hard,  and  reflecting  deep 
shadows,  bear  a  sti-ong  resemblance  to  particles  of  sand,  for  which 
they  would  be  very  apt  to  be  mistaken  by  persons  unacquainted  with 
the" microscopic  structure  of  the  pepper  berry. 

The  cavities  of  these  cells  are  filled  with  starch  granules  of  exceed- 
ing minuteness,  and  as  in  ground  pepper  many  of  the  cells  are 
broken  ir  to  pieces,  some  of  the  granides  become  elfused  ;  these  are  so 
veiy  small  that  they  are  generally  in  a  state  of  molecular  movement, 
and  they  resemble  spherules  of  oil  rather  than  starch  granules.  No 
other  starch  gi-ains  exist  in  the  berry  besides  those  just  described. 

So  gi-eat  is  the  quantity  of  starch  contained  in  the  seed  or  central 
pai-t  of  the  beiTy,  that  the  cells  when  touched  with  a  solution  of  iodine 
become  deep  blue ;  the  yellow  cells  being  afiected  in  the  same  manner, 
but  more  tardily  and  to  a  leis  extent. 


THE  ADTTIiTERATIOIfS  OP  PEPPER. 

Pepper  used  formerly  to  be  subject  to  very  gi-eat  and  scandalous 
adulterations,  and  this  although  it  is  one  of  the  few  articles  placed 
under  the  supervision  of  the  Excise. 

Remits  of  the  Examination  of  Samples. 

forty-three  samples  of  black  and  white  pepper  examined  in 
1851 ,  we  found  nearly  one-half  to  he  adulterated. 

The  substances  detected  were  linseed  meal,  mustard,  husk,  ^oheat 
Hour,  pea  Jlour,  sayo,  rice  Jlowr,  and  ijepper-dmt.    To  this  list  must 
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DOW  be  added  woody  fibre,  recently  met  with  by  ourselves  and  also  by 

tbe  Excise.  .       .  ,       „  ^,  ■  j. 

Pepper  dust,  PI.P.D.  or  P.D.,  consists  either  pf  the  sweepings  of 
the  warehouses  or  else  of  an  article  made  up  in  imitation  of  ground 
pepper,  and  expressly  used  for  the  adiilteration  of  that  article. 
^    m  Georo-e  Philiips,  of  the  Excise,  gave  the  following  evidence 
before  the  Omnmittee'on  Adulteration,  respecting  the  adulteration  of 

^^^?The^umber  of  samples  examined  in  nearly  twelve  years  was  1,116, 
of  which  576  were  found  to  be  adulterated.  We  have  found  nee, 
saoo,  potato  starch,  linseed  meal,  chihs,  Imsks  of  red  and  wMe 
InjJd,  wheat  bran  ^uAfiour,  and  ground  fn/pBu,m  or  crystalhsed 
sM  a  e  of  lime.  The  stock  material  for  adulterating  pepper  is  the 
hSs  of  red  and  white  mustard  seeds  and  linseed  meal,  warmed  up 

"^'^f  loi)  "lbs.  of  an  article  seized  in  1852  at  Chelmsford  as  pepper, 
2  lbs.  only  consisted  of  pepper,  the  rest  being  husks  of  mustard, 
chilis  and  rice.  Rape  seed  has  also  been  found  m  pepper.  Mr.  Gay, 
from  whose  evidence  we  have  before  quoted,  states  tha  white  pepper 
•is.  sometimes  adulterated  with  bone  dust  commonly  called  rvory  dmL 
He  also  gave  the  following  receipt  for  P.D^-'  It  is  manufactm-ed  Irom 
rape  or  linseed  cake,  mustard  husks,  and  Cayenne  pepper.  . 

^  Many  years  since  itwas  not  uncommon  to  meetynth  art  ficud pepper- 
.o,m  ;  Tnstances  of  their  occm-rence  are  mentioned  Thorn^o^; 
'  Lulls  of  Ohemisti-y,'  and  also  by  Accum,  m  the  second  edition  of 
his  celebrated  work, '  Death  m  the  Pot '  ,         ,f  v^+i,  w.^v 

Accum  writes :— '  I  have  examined  large  packages  of  both  blac-. 
and  whX  pepper  by  order  of  the  Excise,  and  have  found  them  to 
coiln  abofS  per^cent.  of  this  artificial  compound  This  spimous 
peppei  iTmade  of  oil-calce,  the  residue  of  the  mseed  from  which  the 
oil  hi  be^n  pressed,  common  clay,  and  a  portion  of  Cayenne  pepper, 
?oLed  into  a  mass,  ^nd  granulated  by  being  first  pressed  through  a 

"^^Thr^rofl^pi^s^^^^^^^^  afford  a  lamentable  instance  of  the 
inefficiency  of  the  Excise  in  checking  adulteration. 

The  presence  of  Mineral  Matter  in  Fepper. 
A  short  time  a-o  we  received  for  analysis  a  sample  of  pepper, 
whithtdViW  the  subject  of  a  W'^-^^^^'^,^ 
ration  Act.    This        f-^/ to^aeld  an  a^^^^^^^^ 

::s^irt^Mr  f ^^^^        -  - 

we  might  be  in  the  position  to  form  a  correct  opinion  as  to  the  si,n_!i 
cance  of  the  details  above  recorded. 
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Various  samples  of  pepper,  including  tlie  whole  berries  of  -white 
and  black  ground  peppers,  were  subjected  to  examination,  with  the 
results  shown  in  the  following  tables : — 


Description  of 
i'epper. 

A3I1,  wnetDGr  mag- 

T'nfnl A  oh 

Sand. 

netic  or  not. 

1 

Whole  white 

1'73 

0-70 

Non-magnetic. 

2 

0-90 

0-17 

»» 

3 

>» 

1'03 

0-20 

>i 

4 

1'14 

0-26 

»> 

5 

0-94 

0-13 

» 

6 

1*55 

0-24 

7 

I'.iG 

0-16 

)» 

8 

Whole  black 

4-03 

0'23 

Slightly  niagnetic. 

9 

» 

4-33 

0-29 

»» 

10 

3"90 

0-17 

)> 

11 

it 

4-61 

0-12 

»> 

12 

)> 

4-01 

0-11 

)> 

13 

3'67 

0-18 

jj 

14 

GrouDd  "white 

2-03 

0-37 

jj 

15 

" 

1"13 

0-20 

)) 

16 

0-50 

0-13 

)> 

17 

Ground  black 

2-13 

0-50 

?> 

18 

9*95 

4-85 

Rtrnno'lT'  Tnnfmpfip 

19 

11-50 

4-95 

20 

)j 

9-55 

3-25 

Slightly  roagnetic. 

21 

)» 

9-80 

5-15 

» 

22 

)> 

5-95 

1-95 

)> 

23 

j» 

7*55 

3-00 

i> 
)) 

24 

»> 

7-63 

2-07 

25 

)» 

9-76 

3-83 

26 

)j 

6-64 

1-46 

J) 

27 

jt 

9-20 

2-57 

J) 

28 

j» 

6-46 

2-17 

Strorgly  magnetic. 

29 

)» 

3-50 

1-13 

Slightlj'  magnetic. 

30 

»j 

9-37 

3-91 

)>  ■ 

31 

)» 

6-86 

2-41 

)> 

32 

)> 

7-06 

3-21 

J) 

33 

>> 

9-93 

4-30 

Decidedly  magnetic. 

The  foregoing  results  may  be  summarised  as  follows : — 


Description  o£ 
Pepper. 

Average 
Ash. 

From 

To 

Average 
of  Sand. 

From 

To 

White  whole  pepper 
Black         „  . 
White  grnund  pepper 
Black  pepper  .       .  ' 

1-26 
4-26 
1-45 
7-92 

0-90 
3-67 
0-50 
3-50 

1-  73 
4-61 

2-  13 
11-50 

0-27 
0-18 
0-30 
3-13 

0-13 
0-lL 

0-  13 

1-  13 

0-70 
0-27 
0-50 
4-95 
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The  general  conclusion  deducible  from  the  foregoing  analyses  is, 
that  a  great  proportion  of  the  black  peppers  sold  in  shops  contain  a    ^ , 
considerable  admixtui-e  of  earthy  matter,  composed  to  a  large  extent  of  ] 
silica.  This  quantity  is  far  in  excess,  as  will  be  seen  from  the  analyses, 
of  anvthin"-  whiclr  the  whole  black  berries  aflbrd. 

We  have  now  to  enquire — In  what  manner  is  the  presence  of  this 
earthy  matter,  and  of  the  magnetic  particles,  to  be  explained  ?  Is  it 
accidental  or  intentional ?  ^  .      ^  ^   ^^    ■,  I 

The  results  of  the  analysis  of  some  of  the  whole  black  peppers  I 
tend  to  show  that  an  appreciable  amount  of  silica  may  be  present  in  | 
ground  black  pepper,  derived  from  the  cortex,  and  hence  it  may  be  J 
inferred  that  if  the  original  whole  pepper  be  of  a  dusty  kind,  or  if  it 
be  taken  from  the  bottom  of  the  bag  or  sack,  it  is  possible  to  conceive 
that  the  quantities  we  have  detected  inay  thus  be  accounted  for.  «till, 
this  lam-e  amount  of  foreign  matter  has  no  right  to  be  present,  and  it 
would  be  a  very  easy  and  simple  thing  to  free  the  berries  before  they 
are  o-rouud  from  nearly  the  whole  of  this  dust.  The  few  magnetic  par- 
ticles discovered  would  appear  to  be  derived  from  the  surrounding  soil. 

The  presence  of  this  dirt  is  due  simply  to  want  of  care  and  clean- 
liness in  the  drying  of  the  berries,  and  its  presence  shoidd  be  strongly 
condemned.  We  would  say  that  not  more  than  1  per  cent,  of  extra- 
neous mineral  matter  should  be  allowed  to  be  present  m  pepper,  and 
that  any  quantity  beyond  this  should  be  regarded  as  an  adulteration. 
However  dusty  the  pepper  may  be  when  bought  by  our_  own  dealers, 
they  mio-ht,  where  they  are  so  disposed,  very  readily  free  it  Irom  nearly  ^ 
every  particle  of  extraneous  matter  before  it  is  ground. 

THE  DETECTIOK  01"  THE  ADULTERATIONS  OP  PEPPER. 

The  whole  of  the  adulterations  of  pepper  mentioned,  except  that 
with  the  husk  of  pepper,  are  only  to  be  detected  in  a  certain  and  satis- 
factory manner  by  means  of  the  microscope.  _         ,     ^  ^ 

The  characters  of  the  starch  granules  of  wheat,  iice,  and  potato, 
have  already  been  described  and  figured ;  those  ol  wheat  at  p.  2b9, 
those  of  rice  at  p.  -308,  of  potato  flour  at  p.  371,  and  of  sago  at  p  0/6. 

The  St mcture  of  mkstarcl  and  rape  seed,  and  of  C^ye^me  will  be  found 
described  and  figured  under  the  heads  of  '  Mustard  and  Cayenne  •, 
the  method  of  detecting  sulphate  of  lime  is  given  at  p.  144. 

S  then  only  remains  for  ns  to  describe  the  structm-e  and  appear- 
ances of  linseed  meal  and  of  2)ea  f  our. 

Structure  of  Linseed  Meal. 
T  ?,i«PPrl  Tios«esses  a  very  beautiful  structure  :  four  coats  or  tunics 
ente^  i^to  th'e  -^^^^^^  --^^^  '^"'^ 

"^"'Tlfei/-  coat  gives  the  polish  to  the  seed  and  is  composed  of  a, 
single  layer  of  large  and  coloiirless  cells,  of  an  hexagonal  torm. 
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It  is  in  the  cells  wWcli  form  this  tunic  that  the  mucilage  which 
linseed  yields  so  abundantly,  on  infusion,  is  contained. 

Fig.  161. 


structure  of  Lisseed.   Magnified  220  diameters. 


The  second  coat  consists  of  a  single  layer  of  cells  enclosing  granular 
matter  ;  they  are  of  a  rounded  form,  and  have  thick  walls. 
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The  third  membrane  is  composed  of  narrow  elongated  cells,  or 
rather  fibres,  some  being-  longitudinal  and  others  transverse  ;  these  give 
it  a  striated  and  very  characteristic  appearance ;  being  firm  and  strong, 
it  forms  the  protecting  timic  of  the  seed. 

The  fourth  membrane  is  made  up  of  angular  cells,  many  of  vs^hich 
are  more  or  less  square,  enclosing  masses  of  colouring  matter,  probably 
of  a  resinous  character,  and  which  readily  fall  out  of  the  cells,  as  repre- 
sented in  the  figure. 

The  substance  of  the  seed  consists  of  cells,  in  the  cavities  or  meshes 
formed  by  which  the  oil  and  starch  granules  are  enclosed  (fig.  161). 

The  oil  is  contained  principally  in  the  outer  or  more  superficial  ceUs, 
in  the  form  of  brilliant  and  pearl-like  minute  drops  or  spherules. 

The  starch  granides  are  most  abimdant  in  the  interior  of  the  grain ; 
they  are  angular,  minute,  and  two  or  three  times  larger  than  those  of 
the  peppercorn. 

The  whole  of  the  structm-es  above  described  may  be  satisfactorily 
detected,  by  a  little  patient  investigation,  in  the  linseed  reduced  to 
powder  or  meal.  The  parts,  however,  most  frequently  and  clearly  seen, 
are  fragments  of  the  fibrous  coat,  and  little  masses  of  the  seed,  from  the 
edges  of  which,  portions  of  the  cellulose  forming  the  transparent  cells 
project,  in  a  radiate  and  very  characteristic  manner. 

Struct  ure  of  jyea  Jlour. — Pea  flom*  resembles  very  closely  bean  flour, 
already  described  and  figured  under  the  article  '  Bread.'  The  chief 
difference  consists  in  the  size  of  the  starch  corpuscles,  which  are  much 
smaller  in  pea  than  in  bean  flour. 

On  the  detection  of  pejiper  husks. — The  presence  of  an  undue  quan- 
titj'  of  pepper  husks  in  black  pepper  may  be  suspected  by  the  appearance 
of  the  article,  its  dark  colom-,  and  the  quantity  of  husk  visible  to  the 
naked  eye. 

It  is  not  often  that  such  an  analysis  is  necessary. 

On  the  detection  of  factitious  pepper  berries. — The  suspected  pepper 
should  be  soaked  for  some  time  in  water,  when,  should  it  contain  arti- 
ficial peppercorns,  these  will  become  disintegrated  and  fall  to  pieces. 
Their  composition  is  to  be  ascertained  partty  by  chemical  analysis  and 
partly  by  microscopical  examination.  Pepper  is  now  so  cheap,  how- 
ever, that  it  is  not  likely  that  any  instance  of  this  adulteration  will  ever 
again  be  met  with. 

The  processes  for  the  detection  oi  sulphate  of  lime  and  bone  dust  have 
already  been  described  elsewhere. 
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CHAPTER  XXXn. 
CAYENNE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  vegetable  or  mineral  substance?,  including  tliose  used  for  colouring. 

Cati)^  Pepper  consists  of  tlie  pods  or  seed  vessels,  ground_  and  re- 
duced to  powder,  of  different  species  of  Capsicuin,  but  principally  oi 
C  annuum,  C.  baccatum,  and  C.  frutescem  ;  the  latter  species,  being: 
stronger  and  better  flavoured,  yields  the  best  description  of  Cayenne 

^^^T:he  genus  Capsicum  belongs  to  the  Solanacece  or  Nightshade  family, 
which  also  includes  the  potato  plant.        _  ^  ^  •  ^^ 

Capsicum  annuum  is  a  native  of  America,  but  is  cidtivated  m  the 
West  and  East  Indies,  and  to  some  extent  in  greenhouses  m  England 
and  other  Eui-opean  counti-ies.  j-      4.    Tv.rin  n^„i. 

It  is  an  annual  herbaceous  plant,  and,  according  to  M  Ciiiloch 
'  one  of  the  hardiest  and  most  productive  plants  foimd  m  tropical 
clunates,  growing  luxm-iantly  in  almost  all  dry  soils,  however  indiffe- 
rent'  In  this  country  it  flowers  in  July,  and  iipens  its  pods  m 
October;  when  immature,  the  berries  are  green,  and  only  gradually 
become  red  as  they  grow  ripe ;  they  are  used  both  m  the  green  and 
red  states,  and  in  the  undried  and  dried  conditions  ;  in  the  recent 
state  they  are  emploved  for  pickling;  when  dried  they  are  used  m 
medicine ;  and,  reduced  to  powder,  they  constitute  Cayenne  pepper.  _ 

The  dried  beii-ies  ordinarily  sold  as  chillies  are  of  this  species  ;  m 
this  condition  they  are  more  or  less  shrivelled,  oblong,  broad  at  the 
distal  extremitv,  the  calyx  and  stalk  being  iisuaUy  adherent  to  the 
broad  end.  They  vary  very  much  in  size  and  form;  the  largest  are 
two  or  three  inches  long,  and  at  the  base  are  an  inch  or  more  wide ; 
they  are  distinguished,  according  to  their  size  and  shape,  into  long- 
podded,  short-podded,  and  heart-shaped.  ,  •,   ^  , 

The  pods  of  this  capsicum  are  hot  and  pungent,  but  they  have  «o 


aroma 


The  pods  of  Capsicum  frutescms  constitute  what  is  Imown  as  Qruinea 
or  Bird  pepper,  and  when  ground  they  furnish  the  best  description  of 
Cayenne  pepper.  They  are  small,  scarcely  an  inch  m  length,  a  hue 
or  two  broad,  and  of  a  deep  orange-red  colour.  Each  berry  encloses 
usually  about  a  dozen  flattened,  reniform  seeds. 
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The  pods  are  hotter  and  more  fieiy  than  those  of  C.  annuum ;  they 
are  likewise  to  some  extent  aromatic. 

The  other  species  of  Capsicmn  have  heen  denominated,  from  the 
form  of  the  fruit,  Cherry  chilly  or  Cherry  pepper — CapBicu-m  cerasiforme, 
and  Bell  pejiper,  or  Capsicum  grossum. 

Composition  of  Cayenne. 

The  composition  of  capsicum  herries  is  shown  in  the  following 
analyses  made  in  the  years  1816  and  1817  : — 

Buchoh's  analysis. 
(1816.) 

Acrid  soft  resin  (^capsicin) 

Wax  

Bitter  aromatic  extractive 
Extractive  with  some  gum 

Gum  

Albuminous  matter .... 

Woody  fibre  

Water  

Loss  

Fruit  of  Capsicum  annuum,  ^vithout 

Sraconnofs  analysis. 
(1817.) 

Acrid  oil         .      .  ■ 
Wax  with  red  colouring  matter 
Brownish  starchy  matter 

Peculiar  gum  

Animalised  matter  .... 

Woody  fibre  

Salts:  citrate  of  potash  6-0 1 
Phosphate  of  potash,  and    V  . 
Chloride  of  potassium    3-4  J 
Fruit  of  Capsicum  annuum 

Of  capsicin,  the  active  principle  of  Cayenne,  Pereira  gives  the 
following  account :—  ,    ,  .     ^  ■  j 

'  Obtained  hy  digesting  the  alcoholic  extract  in  ether,  and  evapo- 
rating the  ethereal  solution.  It  is  a  thick  liquid,  of  a  yellowish-red 
or  reddish-hrown  colour,  which  becomes  very  fluid  when  heated,  and 
at  a  hio-her  temperature  is  dissipated  in  fumes.  Half  a  grain  of  it 
volatilised  in  a  large  room  causes  all  who  inspire  the  air  of  the  room 
to  cough  and  sneeze.  By  exposure  to  air  and  light  it  solidifies  ;  it  is 
decolorised  by  chlorine  ;  it  is  slightly  soluble  in  water  and  in  vinegar, 
but  very  much  so  in  alcohol,  ether,  oil  of  tm-pentine,  and  the  caustic 
alkalies ;  with  baryta  it  fonns  a  solid  acrid  combination.' 
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Structure  of  the  Ccipsicum  Berry  or  Fruit. 

Eacli  capsicum  lierry  is  made  up  of  three  parts — an  outer  skin  or 
epidermis,  parencliyma,  and  seeds. 

The  ejndermis  consists  of  flattened  cells,  tortuous  and  angular  in 
form.  Viewed  on  the  outer  or  upper  sm-face,  the  borders  of  the  cells 
are  seen  to  be  well  defined ;  they  are  often  four-sided  ;  the  walls  are 
thick,  beaded  here  and  there,  the  beading  of  one  cell  corresponding  to 
that  of  the  contiguous  cells;  lastly,  the  lines  of  jimction  of  the  cells 
are  sometimes  faintly  indicated. 


Fig.  162. 


Epideiimis  of  Capsicum,  outer  and  inner  surfaces.  Magnified  200  diameters. 

Viewed  on  the  inner  surface  the  cells  appear  less  angular,  but  more 
tortuous,  the  walls  broader,  and  much  more  beaded  (fig.  162). 

When  fragments  of  the  epidermis  are  seen  immersed  in  water, 
numerous  oil  globules  of  a  deep  and  beautiful  orange-red  colour  are 
visible ;  some  of  these  are  imbedded  in  the  cavities  of  the  cells,  but 
the  majority  float  freely  in  the  surroimding  water  (fig.  162). 

_  In  figures  163  and  164  the  general  appearance  presented  by  the 
epidermis  on  a  more  superficial  examination  is  exhibited,  the  minute 
details  being  omitted. 

The  parenchyma,  which  unites  the  seeds  with  each  other,  and  the 

N  N 
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whole  with  the  epidermis  and  peduncle,  is  likewise  composed  of  cells ; 
they  are  of  a  roimded  or  oval  form,  the  parietes  are  thin,  and  their 
cavities  usualty  contam  a  very  large  quantity  of  oil,  in  the  form  of 
innumerable  droplets,  many  of  considerable  size,  and  which  impart  to 
this  object,  viewed  under  the  microscope,  a  very  beautiful  appearance 

^^"jpio'.  166  represents  a  section  of  the  cortical  portion  of  the  pod. 

In'the  seed,  two  parts— the  covering  of  the  seed  and  the  seed  itself 
— require  to  be  described. 

The  covering  of  the  seed  possesses  a  very  peculiar  structure,  which 


Fig.  ICS. 


A  fragment  of  the  epulermis  o£  the  Capsicum  Behry,  viewed  on  its  outer  surface. 

it  is  difficult  fully  to  understand,  and  therefore  not  easy  to  describe 
accurately.  It  is  of  a  bright  yellow  colour,  and  of  considerable  thick- 
ness. Viewed  under  the  microscope,  its  outer  stu-face  presents  a  cel- 
lular texture,  the  margins  of  what  appear  to  be  the  cells  being  thick 
and  tortuous,  and  the  cavities  dark  and  depressed,  as  though  they  were 
rather  apertures  than  the  hollow  interiors  of  the  cells. 

Vertical  sections  of  this  covering  present  a  veiy  singiilar  appear- 
ance. In  this  view  it  appears  as  though  composed  of  a  niuuber  of  tooth- 
like processes,  having  a  somewhat  radiate  disposition,  with  mterva,ls 
between  each  process,  the  points  or  summits  of  the  teeih  ending  m 
very  minute  hook-like  spines,  the  points  of  these  being  lost  in  a  thin 
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membrane  forming- the  external  covering  of  tlie  seed.  It  appears  that 
these  tooth-like  processes  really  consist  of  the  thickened  -walls  of  con- 
tiguous cells  (fig.  1G7) ;  that  this  is  really  so  is  evident  from  an  ex- 
amination of  the  upper  of  the  two  sketches  on  the  left  of  the  figure ; 
these  cells  are  best  developed  at  the  extremity  of  the  seed. 

The  seed  proper  consists  of  minute  angular  cells,  having  thick  and 
colourless  parietes ;  their  cavities  are  filled  with  molecules  and  glo- 


Fig.  164. 


A  fragment  of  the  epidermis  of  the  Capsicum  Beiuiy,  viewed  on  its  inner  surface. 

bules  of  oil  of  a  yellowish  or  reddish-yellow  coloiu*,  but  do  not  contain 
starch. 

THE  ADXTLTERATIOjrS  OF  CAYENNE. 

Cayenne  is  subjected  to  even  more  extensive  adulteration  than 
ordinary  pepper. 

Results  of  the  Examination  of  Samples. 

Of  twenty-eifjM  samples  of  Cayenne  submitted  to  microscopical 
and  chemical  examination,  no  less  than  twenty-four  toere  adulterated^ 
and  four  only  were  genuine. 

Twenty-two  contained  mineral  colouriny  matters. 

In  thirteen  cases  this  consisted  of  red  lead,  which  was  present  in 
some  of  the  samples  in  very  considerable  quantities,  while  in  the  re- 

NN  2 
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luaining'  seven  samples  it  was  some  red  ferruginous  earth,  Venetian 
red  or  red  ochr.e.. 

Vermilion,  or  sulphuret  of  mercwy,  was  present  in  cue  of  the 
Cayennes. 

Six  of  the  Cayennes  consisted  of  a  mixtm-e  of  ground  nee,  turmeinc, 
and  Cayenne,  coloured  with  either  red  lead,  Venetian  red,  or  ochre. 

Six  of  the  Cayennes  contained  large  quantities  of  salt,  sometimes 
alone,  hut  mostly"  combined  with  rice  and  the  red  earths  or  red  lead. 

Fig.  1G5. 


fl,  parenchyma  of  Capsictoi  Bbkrt  situated  immediately  beneath  the  epidermi^  , 
the  oeUs  ia  this  situation  are  of  a  more  rounded  form,  and  are  traversed  by 
spiral  vessels  and  woody  fibre.   6,  the  parenchyma  surroundmg  the  seed=. 

One  of  the  samples  was  adultei-ated  with  a  large  quantity  of  the 
hush  of  lohite  mustard  seed.  j  •      i  r 

Lastly,  tico  were  adulterated  with  rtce,  and  wei-e  coloured  m  addi- 
tion, the  one  with  red  lead,  and  the  other  with  a  red  fernigmous 

''"''The  obiect  of  the  use  of  red  lead  and  other  red  colouring  matters 
18  twofold ;  fii-st,  to  conceal  other  adulterations,  and,  second,  to  pre- 
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serve  the  colour  of  the  Cayenne,  as,  when  exposed  to  the  light  for  any 
time,  it  usually  loses  part  of  the  bright-red  coloiu-  which  it  at  first 
possesses,  and  therefore  it  becomes  deteriorated  in  the  eyes  of  the 
pm-chaser.  The  red  lead,  &c.,  added  does  not,  of  coiu-se,  preserve  the 
colour  of  the  Cayenne,  but  simply  supplies  the  place  of  that  which  it 
loses  in  consequence  of  exposm-e. 

Salt  is  employed  for  the  same  purpose.    This  substance  has  a  re- 


Fig.  166. 


Transverse  Section  of  Capsicitm  Berry.    Magnified  100  diameters. 


markable  effect  in  bringing  out  the  colour  of  the  Cayenne.  It  is, 
however,  also  used  to  increase  its  weight. 

The  adulteration  of  Cayenne  with  such  substances  as  red  lead  and 
mercury  is,  doubtless,  highly  prejudicial  to  health  ;  it  has  been  stated 
that  colic  and  paralysis  have  both  been  produced  by  the  use  of  Cayenne 
containing  red  lead. 

The  salts  of  lead  and  mercury  are  characterised  by  the  circum- 
stance that  they  are  apt  to  accumulate  in  the  system,  and  so  to 
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produce  symptoms  of  a  very  serious  nature.  Thus,  no  matter  how 
small  the  quantity  of  mercury  or  lead  introduced  each  day,  the  system 
in  the  end  is  slowly  and  insidiously  brought  under  the  influence  of  these 
poisons,  and  thus  becomes  seriously  aflected.  The  quantity  of  red 
lead  introduced  into  the  system  in  adulterated  Cayenne  is,  however, 
hy  no  means  inconsiderable. 

A  case  of  lead  poisoning  arising  from  the  consvunption  of  Cayenne 
adulterated  with  red  lead  is  referred  to  in  the  evidence  of  Mr.  Post- 
Fig.  167. 


TtHical  Section  of  tie  Seed  of  CAPSicnw.  Magnified  100  diameters. 


gate  before  the  Parliamentaiy  Committee  on  Adulteration  in  1855 ;  the 
Sse  was  received  into  University  College  Hospital.  The  man  -as  m 
the  habit  of  consuming  large  quantities  of  Cayenne,  which,  on  being 

tested,  was  foimd  to  contain  lead.  ,,r    c.     i       4.„+^^  T,of..ro 

The  article  known  as  soluble  Cat/enne,  Mr.  Scanlan  stated  before 
the  same  Parliamentary  Committee,  to  have  the  following  compo- 
sitionIt  contains  both  copper  and  vermilion;  the  copper  is  acci- 
dentaUy  introduced  into  it  from  the  mode  of  preparation-it  is  taken 
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from  a  copper  still.  They  make  a  sort  of  tiuctiire  of  the  Cayemie 
pepper  ;  and  then  filter  and  pom-  it  upon  a  quantity  of  salt  in  a  copper 
still— it  there  takes  up  a  little  copper  ;  and  then  this  salt  is  dried  and 
mixed  with  vermilion  and  rose-pink.'  The  proportion  of  vermilion 
added  is  about  six  drachms  to  thi-ee  pounds  of  salt. 


The  Detection  of  the  Adulterations  of  Cayenne. 
The  adulterations  of  Cayenne  Avith  rice  Jour,  turmeric,  and  mustard 
husk,  are  determined  by  means  of  the  microscope ;  the  structm-e  of 
these  articles  has  abeady  been  described  and  their  microscopical 
characters  represented.  _ 

For  the  detection  of  the  other  adulterations  of  Oayenne,  recourse 
must  be  had  to  chemistiy.  The  fact  of  the  presence  of  red  earths  may 
indeed  be  ascertained  by  means  of  the  microscope,  by  viewmg  under 
that  instrument  a  portion  of  the  Cayenne,  when  the  red  earthy  par- 
ticles may  be  plainly  discerned.  To  determine  their  composition,  how- 
ever, chemisti'v  must  be  appealed  to. 

The  method  for  detecting  the  presence  of  tbe  red  ferruginous  earths, 
and  for  their  quantitative  determination,  will  be  fomid  described  at 
pp.  Ill  and  190,  and  that  for  salt  under  the  head  of  'Water,'  pp.  83 
and  86.  We  have,  then,  now  to  describe  more  particularly  the  pro- 
cesses to  be  foUowed  for  the  detection  of  lead  and  mercmy. 

On  the  detection  of  lead.— The  presence  of  lead  in  Cayenne  may  be 
determined  by  simply  shaking  up  half  a,  drachm  or  so  of  the  Cayenne 
in  water,  and  adding  a  few  di-ops  of  sulphide  of  ammonium ;  if  lead 
be  present,  the  liquid  will  become  more  or  less  dark  or  black,  according 
to  the  quantitv  of  the  metal. 

But  it  should  be  remembered  that  iron  gives  a  greenish-black  pre- 
cipitate with  the  above-named  reagent ;  and  therefore  it  is  not  safe  to 
trust  to  the  appearance  presented  on  the  addition  of  solution  of 
sulphide  of  ammonium  to  water  containing  Cayenne. 

It  is  proper,  therefore,  in  aU  cases  to  proceed  as  follows : — Incine- 
rate 10  grammes  of  Cayenne  previously  dried  on  a  water-batb  in  a 
porcelain  basin ;  ti-eat  the  ash  with  about  5  cc.  of  strong  nitric  acid ; 
heat  nearly  to  dryness,  so  that  part  of  the  acid  may  become  dissipated  ; 
dilute  with  distilled  water,  filter,  and  pass  sulphuretted  hydrogen 
through  the  solution.  The  precipitate  is  collected  on  a  filter,  washed 
with  water  containing  some  sulphuretted  hydrogen  in  solution,  and 
then  boiled  with  a  little  strong  nitric  acid.  To  the  liquid  a  few  drops 
of  sulphuric  acid  are  added,  and  it  is  then  evaporated  to  dryness  on  the 
water-bath.  The  residue  is  exhausted  with  water,  and  the  precipitate, 
consisting  of  sulphate,  of  lead  is  collected  on  a  filter,  washed  with  a 
very  dilute  solution  of  sulphuric  acid,  incinerated  in  a  porcelain  cru- 
cible and  weighed. 

The  solution  of  the  ash  of  Oayenne  in  nitric  acid  may  be  tested 
qualitatively  for  lead  by  rendering  it  alkaline  by  means  of  ammonia, 
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adding  then  acetic  acid  in  excess  and  testing  witli  a  drop  of  a  solution 
of  neutral  chromate  of  potash.  A  bright  yellow  precipitate  of  chro- 
mate  of  lead  will  be  thrown  down  if  lead  be  present. 

On  the  detection  of  lisulphuret  of  mercury. — As  mercury  sublimes 


Fig.  1G8. 


CAYENNE  adnlterated  -with,  a  a,  red  lead ;  b  h,  eround  rice  ;  and  c  c,  turmeric, 
d  d  husk  and  seed  of  cayenne  much  infested  with  the  thalliis  and  sporules  of 
a  fungus,  to  the  attacks  of  which  damaged  cayenne  is  very  subject. 


at  a  red  heat,  we  cannot  proceed  in  the  analysis  by  incineration ;  the 
solvent  must  be  added  to  the  Cayenne  du-ect— this  being  aqua  regia,  a 
mixture  of  nitric  and  hydrochloric  acids,  in  the  proportions  of  one  part 
of  the  former  to  two  of  the  latter  acid. 

About  6  cc.  of  the  acid  shoidd  be  added  to  3  grammes  of  Oayenre 
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and  hoilei  with  it  for  an  hour  or  so  ;  a  small  quantity  of  distilled 
-water  is  then  to  be  added  ;  the  mixtm-e  filtered  and  the  liltrnte  evapo- 
rated nearly  to  dryness  ;  a  little  water  must  then  again  be  added,  and 
the  solution  tested. 

The  tests  employed  are  liquor  potassfe  and  iodide  of  potassium. 
The  former  gives  a  yellow  precipitate,  and  the  latter  either  a  yellow 
or  more  commonly  a  beautiful  scarlet-coloured  precipitate  of  biuiodide 
of  mercm-v.  The  solution  of  iodide  of  potassium  should  be  added  in 
very  minute  quantity,  as  the  iodide  or  biniodide  is  readily  and  almost 
instantly  dissolved  in  an  excess  of  this  reagent ;  and  it  should  be  known 
that  verv  often,  when  the  colour  of  the  precipitate  is  yellow  rather 
than  red,  after  standing  an  horn-  or  two  it  will  frequently  change  to 
the  characteristic  scarlet  hue. 

To  determine  the  quantity  of  the  mercmy  in  Cayenne,  the  solution 
in  niti-ic  acid  is  precipitated  by  means  of  sulphuretted  hydrogen  ;  the 
precipitate  is  exhausted  with  a  solution  of  sulphite  of  soda,  to  remove 
anv  free  sulphur  which  may  have  been  thrown  down,  collected  on  a 
weighed  filter,  dried  and  weighed. 
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CHAPTER  XXXIII. 
SPICES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  vegetable  or  mineral  substance  not  acknowledged  in  the  names 
under  which  they°ire  sold,  including  the  admixture  of  cassia  with  cinnamon  or 
its  substitution  for  the  latter  spice. 

We  now  come  to  the  consideration  of  the  important  suhject  of  Spices 
and  their  Adulterations. 

Tlie  spices,  of  the  adulteration  of  which  we  are  about  to  treat, 
are  Ginffer,  Cinnamon,  Cassia,  Nutmegs,  Mace,  aoves,  and  Allsjnce  or 

^Yhen  it  is  remembered  that  many  spices  are  sold  in  the  state  of 
powder,  most  of  them  bearing-  a  high  price,  and  that  they  are  nearly 
all  subject  to  a  duty,  which  in  some  cases  is  considerable,  it  might  be 
supposed  that  they  would  be  particularly  subject  to  adulteration. 

Notwithstanding  these  facts,  little  attention  has  been  bestowed 
upon  this  subject  by  wiiters  on  the  sophistication  of  food,  or  even  by 
the  Excise  authorities,  whose  duty  it  is  to  protect  the  revenue  from 
all  frauds  resulting  from  the  adidteration  of  duty-paying  articles. 

GINGER  AND  ITS  ADULTERATIONS. 

The  gino-er  plant,  Zinziber  officinale,  belongs  to  the  very  useful 
natiu-al  order,  Zinziberacece,  from  which  tm-meric.  East  India  arrow- 
root, and  some  other  productions,  are  obtained.  _ 

Ginger  grows  and  is  cultivated  in  the  tropical  regions  ot  Asia, 

America,  and  Sierra  Leone.  .    ,  .  ,  ^      j  •  „ 

The  stem  reaches  generally  thi-ee  or  four  feet  in  height,  and  is  re- 
newed yearly ;  while  the  root,  which  is  the  part  known  as  ginger, 
botanically  termed  a  rhizome,  is  biennial.  i  j 

The  roots,  or  rhizomes,  are  dug  up  when  about  a  year  old ;  in 
Jamaica  this  occurs  in  January  or  February,  and  after  the  stems  are 
withered.  They  are  well  washed,  freed  from  dirt,  and  in  some  cases, 
especially  with  the  better  Iviuds,  the  epidermis  or  outer  coat  is  stripped 
off^;  and  hence  the  division  of  ginger  into  white  (scraped  or  uncoated), 
and  into  black  (unscraped  or  coated).  .  ,     r  i„^,  Va^n 

In  estimating  the  quality  of  ginger,  a  variety  of  particulars  have 


SriCES  AND  THEIK  ADULTEEATIONS. 


555 


to  be  taken  into  consideration-as  whetlier  the  rhizomes  are  coated  or 
uncoated,  theii- form,  colour,  and  consistence.  _ 

The  rhizomes  of  ginger  of  (jood  qualitj/lmYe  no  epidemis  are  plump, 
of  a  whitish  or  faint  straw-colour,  soft  and  mealy  m  texture,  ^^ath  a 
short  fi-acture,  exhibiting-  a  reddish,  resinous  zone  round  the  circum- 
ference ;  the  taste  should  be  hot,  bitmg,  but  aromatic 

The  rhizomes  of  ginger  of  inferior  quality  are  fi'equently  coated 
with  the  epidermis,  are  less  full  and  plump,  often  contracted  and 
shrivelled:  of  darker  colour,  being  of  a  browmsh-yellow of  harder 
textm-e,  termed  JUnti/ ;  and  more  tibrous  ;  while  the  taste  is  inferior, 
and  less  aromatic. 

Composition  of  Ginger. 
Ginger  was  analysed  by  Bucholz  in  1817,  and  by  Morin  in 
1823. 

3InrMs  analysis. 

1-56  Volatile  oil. 

3-GO  Acrid  soft  resin. 

0-65  Eesin  insoluble  in  etlier  and  oil. 

Gum. 

10-.50  Starch. 

12-05  Woody  fibre. 

19-75  Vegeto-animal  matter. 
Osniazonia. 

,  26-00  Acetic  acid,  acetate  of  potash,  sulphur. 

8-30  The  ashes  contained  carbonate  and 
!  8-00  sulphate  of  potash,  chloride  of  po- 
.  11-90         tassium,  pliosphate  of  lime,  alumma, 

 silver,  and  oxides  of  iron  and  man- 

102-31  ganese. 

The  volatUe  oil  is  pale  yeUow,  very  fluid  liglrter  than  water ; 
odour  resembUng  that  of  ginger,  taste  at  fii'st  mild,  aftei-wards  hot  and 

^'^'^Soft  resin,  obtained  by  digesting  the  alcoholic  exti-act  of  ginger, 
fii-st  in  water,  then  in  ether ;  it  possesses  an  aromatic  odour,  and  a 
burning  aromatic  taste.  It  is  readily  soluble  m  alcohol,  ether,  and 
turpentine. 

Structure  of  Ginger. 

Examined  with  the  microscope,  the  rhizome  of  ginger  is  found  to 
present  a  well-marked  and  charactenstic  structure. 

The  outer  coat  or  epidennis  consists  of  several  layers  ot  f  rge,  angu- 
lar, tran.sparent  cells  of  a  brownish  coloui-,  adhering  hi'nily  together, 
forming  a  distinct  membrane,  and,  when  macerated  in  water,  becoming 
soft  and  somewhat  gelatinous  (fig.  169).  j       j.^  j 

Lying  upon  the  under  surface  of  this  membrane,  and  scattered 


Bucholz  s  analysis. 

Pale  yellow  volatUe  oil.  . 
Aromatic,  acrid,  soft  resin. 
Extractive  soluble  in  alcohol  . 
Acidulous  and  acrid  extractive 

insoluble  in  alcohol 

Gum   • 

Starch,  analogous  to  bassorin  . 
Apotheme.  extracted  by  potash 

(ulmin?)       .       .       .  • 

Bassorin  

Woody  fibre  .  .  .  . 
Water  
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irregularly  over  it,  are  generally  to  be  detected  oil  globules  of  various 
sizes,  and  of  a  deep  yellow  colour,  as  well  as  a  few  cells,  identical  in 
structure  and  tint  with  those  of  turmeric. 

In  the  substance  of  the  rhizome  itself  several  structures  have  to  be 
described. 

It  consists  principally  of  cells  having  delicate  transparent  walls 
minutely  punctuated,  and  adhering  together  so  as  to  form  a  connected 


Fig.  1G9. 


A  portion  of  the  epidermis  of  the  rhizome  of  Gejger,  showing  the  cells  of  which 
it  is  composed,  as  well  as  the  oil  globules,  a  a  ;  also  the  turmeric-Uke  cells, 
b  b  ;  and  c  c,  crystals  very  commonly  noticed  in  great  numbers  lying  beneath 
the  epidermis. 

tissue.  These  cells  contain  in  their  cavities  starch  corpuscles,  which 
are  veiy  abundant,  and  many  of  which,  as  the  cell  walls  are  easily 
broken,  are  seen  in  most  sections  to  have  become  effused._ 

Lying  here  and  there  in  the  midst  of  the  above-described  cells,  are 
other  ceUs  of  nearly  similar  size  and  form,  but  of  a  bright  yellow 
colour  ;  these  are  in  no  respect  distinguishable  fi-om  the  coloured  cells 
of  turmeric. 

It  is  to  the  presence  of  these  cells  that  ginger  owes  its  colour,  which 
varies  with  the  number  of  such  cells  contained  in  it. 


SPICES  AND  THEIR  ADULTERATIONS.  557 

Traversiug  the  rhizome  iu  a  longitudinal  direction  are  bundles  of 
V  woody  fihre,  sometimes  enclosing,  iisually  one,  but  occasionally  two  or 
even  more  dotted  ducts  or  vessels. 

The  starch  corpuscles  resemble  in  some  respects  those  of  East  India 
larrowi'oot,  Curcwna  angustifoUa,  but  are  yet  characterised  by  several 
i  distinct  featui-es. 

Pig.  170. 


This  engraving  represents  the  several  tissues  observed  entering  into  the  forma- 
tion of  the  ginger  rhizome,  depiived  of  its  epidermis,  a  a,  cells  containing  the 
starch  corpuscles  ;  J  6,  starch  granules  ;  c  c,  turmeric-like  cells  ;  d  d,  woodj 
fibre ;  e,  dotted  duct. 


Although,  like  those  of  C.  angustifoUa,  they  are  usually  elongated 
and  flattened,  they  yet  differ  from  the  starch  granules  of  that  plant  in 
)<being  somewhat  smaller,  less  elongated,  and  in  the  greater  obscurity 
of  the  hilum  and  curved  lamellae. 

The  structures  above  described  are  shown  in  the  preceding 
idrawing  (fig.  170). 
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lu  ground  g-inger  the  above  structures  are  separated  from  their 
proper  conuection,  and  occur  variously  intermixed,  and  more  or  less 
broken  and  comminuted  (see  fig.  171). 


THE  AmjlTEEATIONS  OP  GINGER. 

In  order  to  improve  the  colour  of  ginger,  and,  according  to  some,  to 
protect  it  from  the  attacks  of  insects,  it  is  frequently  rubbed  oyer  with 
Ume  ;  in  other  cases  it  is  washed  in  challc  and  water,  when  it  is  called 

Fig.  171. 


Genuine  ground  Ginger  :  a  a,  ceUs  which  contaiu  the  starch  corpuscles  ;  b  b, 
loose  starch  granules  ;  c  c,  turmenc-hke  cells  ;  d  d,  woody  fibre. 

xvhiteioashed  ginger;  lastly,  the  surface  of  ginger  is  occasionally 
bleached  by  means  of  a  solution  of  chloride  of  lime,  and  sometimes 
even  by  exposing  it  to  the  fumes  of  burning  sulphur,  and  is  thus  made 
to  present  a  white  and  flomy  appearance.  By  these  processes  an 
inferior  ginger  is  often  made  to  assiuue  the  appearance  of  the  better 

*^''^But  oiuo'er  is  frequently  adulterated.    Out  of  hoenty-one  samples 
of  gin-er  submitted  to  examination,  no  less  th^n  fifteen  being  more  than  ( 
two-thu-ds  of  the  whole,  were  found  to  be  adulterated. 
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The  substances  detected  were  various  in  character,  including  sarjo 
meal,  tapioca,  potafo  Jlour,  wheat  Jlour,  (/round  rice,  Cayenne  pepper, 
mustard  husks,  and  turmeric  potcder — these  occurring  in  various  quan- 
tities, hut  in  the  majority  of  cases  constituting  the  principal  part  of  the 
article. 

The  Cayenne  pepper  and  mustard  husks  are  no  douht  added  with 
the  Aniew  of  concealing  the  other  adulterations,  and  of  giving  apparent 
strength  to  the  ginger. 

Fifj.  172. 


Powdered  Ginger  adulterated  with  Sago  poicder. 

u  a,  cells  of  ginger  ;  6  b,  starch  granules  of  ginger  ;  c  c,  large  yellow  corpuscles 
analogous  to  those  of  turmeric ;  d  d,  fragment  of  woody  fibre  ;  e  e,  starch  cor- 
puscles of  sago  meal. 

The  Detection  of  the  Adulterations  of  Ginger. 

The  whole  of  the  substances  employed  in  the  adulteration  of  ginger 
may  be  detected  with  ease  and  certainty  by  means  of  the  microscope. 
The  microscopical  characters  of  most  of  the  articles  used  have  already 
been  described:  as  wheat  flour,  at  p.  287;  ground  rice,  at  p.  -307; 
potato  flour,  at  p.  .371 ;  sago,  at  p.  .375  ;  turmeric,  mustard  husk,  and 
Cayenne  under  their  respective  heads. 

The  structural  peculiarities  of  Cayenne  and  mustard  husk  are  so  well 
marked  that  no  difficulty  whatever  is  e.xperienced  in  identifying  them 
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when  ouce  seen  under  the  microscope ;  but  in  those  cases  in  which 
the  quantities  present  are  but  small  they  are  apt  to  be  overlooked. 
It  is  advisable  to  wash  away  some  of  the  starch  from  the  portion  of 
powder  about  to  be  placed  under  the  microscope ;  by  this  means  the 
larger  particles  are  brought  more  clearly  into  view. 

The  adulteration  with  wheat  floiu'  is  one  which  might  readily  escape 
detection.    The  observer  is  therefore  cautioned  before  proceeding  to 


Fig.  173. 


Powdered  GraoEn  adulterated  with  Potato  and  Sago  starches, 
a  a,  cells  of  ginger  ;  6  b,  starch  granules  of  ginger  ;  c,  large  yellow  ceU,  analo- 
gous to  those  of  turmeric  ;  d,  woody  fibre  ;  e  e,  starch  granules  ot  potato ;  //, 
starch  corpuscles  of  sago,  altered  by  heat. 


the  examination  of  powdered  ginger  to  compare  carefully  the  struc- 
tural pecidiarities  of  the  starch  granules  of  ginger  and  wheat  flour ;  the 
differences,  although  not  at  first  striking,  are  really  considerable. 

Since  ginger  contains  yellow  cells  very  closely  resembhng  those  ot 
tm-meric,  we  can  only  conclude  that  turmeric  has  been  added  when 
the  nimiber  of  such  cells  is  much  greater  than  in  genuine  powdered 

ginger.  i  -i  -i.  j  • 

The  adulterations  of  ginger  with  sago  and^potato  are  exhibited  in 

the  two  preceding  engravings  (figs.  172  and  173). 
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The  engraving  (fig.  174)  represents  the  adulteration  of  powdered 
ginger  with  tapioca  and  Cayenne. 

Fig.  174. 


Powdered  Ginger,  a  a ;  adulterated  with  cayenne,  b  b  ;  and  tapioca,  c  c. 
Magnified  5!00  diameters. 


Cnra'AMON  AHD  CASSIA  ASTD  THEIR  ADTTLTEEAXIONS. 

Cinnamon  is  the  bark  of  the  Cinnamomum  Zeylanicum,  one  of  the 
LauracecB,  or  laurel  famUy,  to  which  also  belong  Cassia  and  Camphor, 
as  well  as  some  other  plants  possessing  medicinal  properties,  especially 
Clove  bark. 

Cinnamon  is  cultivated  principally  in  Ceylon. 

'  The  cinnamon  bark  of  Ceylon  is  obtained  by  the  cultivation  of  the 
plant.  The  principal  cinnamon  gardens  lie  in  the  neighboiu-hood  of 
Colombo.  The  bark  peelers  or  choliahs,  having  selected  a  tree  of  the 
best  quality,  lop  off  such  branches  as  are  three  years  old,  and  which 
appear  proper  for  the  pui-pose.  Shoots  or  branches  much  less  than 
half  an  inch,  or  more  than  two  or  three  inches  in  diameter,  are  not 
peeled.  _  The  peeling  is  effected  by  maldng  two  opposite  (or,  when  the 
branch  is  thick,  three  or  four)  longitudinal  incisions,  and  then  elevating 
the  bark  by  introducing  the  peeling  knife  between  it.    When  the 

0  0 
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tark  adheres  firmly,  the  separation  is  promoted  by  friction  with  the 
handle  of  the  knife.  In  twenty-four  hoiu-s  the  epidermis  and  greenish 
pidpy  matter  (rete  mucosum)  are  carefully  scraped  off.  In  a  few 
hours  the  smaller  quills  are  introduced  into  the  larger  ones,  and  m 
this  way  a  congeries  of  quills  formed,  often  measming  forty  inches 
louo-.  The  bark  is  then  dried  in  the  sun,  and  afterwards  made  into 
bundles  with  pieces  of  bamboo  twigs.  .    .  „ 

'  Cinnamon  is  imported  in  bales,  boxes,  and  chests,  prmcipally  Irom 
Ceylon,  but  in  part  also  from  Madius,  Tellicheny,  and  rarely  from 

Java  and  other  places.  x-xi    -u  i  -ui  i 

'In  order  to  preserve  and  improve  the  quality  ot  the  bark,  black 
pepper  is  sprinkled  amongst  the  bales  of  cinnamon  in  stowing  them  at 
Ceylon  (Percival).  Mr.  Bennet  states  that  ships  are  sometimes  de- 
tained for  several  weeks  through  the  want  of  pepper  to  fill  the  inter- 
stices between  the  bales  and  the  holds. 

'  When  cinnamon  arrives  in  London,  it  is  unpacked  and  examined ; 
all  the  mouldy  and  broken  pieces  are  removed  fi-om  it.  It  is  then  re- 
made into  bales.  These  are  cylindrical,  thi-ee  feet  six  inches  long,  but 
of  variable  diameter,  perhaps  sixteen  inches  on  the  average.  These 
bales  are  enveloped  by  a  coarse  cloth  called  ffunny.  The  cinnamon  in 
boxes  and  chests  is  usually  the  smaU,  inferior,  and  mouldy  pieces. 

Composition  of  Cinnamon. 

The  constituents  of  cinnamon  are  volatile  oil,  tannin,  mucilage, 
colouring  matter,  partly  soluble  in  water  and  alcohol,  but  not  m  ether, 
resin,  an  add,  starch,  and  lignin. 

A  decoction  of  cinnamon  does  not  become  blue  on  the  addition 
of  iodine ;  this  is  partly  owing  to  the  small  quantity  of  starch  pre- 
sent, and  partly,  it  is  supposed,  to  the  presence  of  some  principle 
(tamiic  acid  ? )  which  destroys  the  blue  colour  of  the  iodide  ot 

^^^^The  cinnamon  oil  of  commerce  is  derived  fi'om  different  trees  of  the 
aenus  cinnamomum.  The  oil  is  prepared  by  softening  the  brmsed  bark 
ofann«?«o»mmse2/;rmzcit?«withsaltwater,distimngquicMy,anddi7m 

■  with  chloride  of  calciimi.  The  oil  consists  chiefly  of  cinnamic  aldehyde, 
which  may  be  separated  by  means  of  acid  sulphite  of  potassium,  also 
of  some  /Jjdrocarbon  in  veiy  smaU  quantity  together  mth  c«7i«.»/»^ 
acid  and  resins.  The  density  varies  from  1-025  to  1;050,  the  boihng 
TDoint  220°  to  225°  C.  The  older  samples  of  the  oil  become  coloured 
and  contain  much  resmous  matter,  which  i^^^ins  after  the  oil  has 
been  distilled  olF  with  salt  water.  The  salt  is  extracted  with  cold 
water  and  afterwards  the  cinnamic  acid  ^^h  jjoiling  wa  el^  Accord- 
ino-  to  Mulder,  two  resins  are  formed  by  oxidation  of  the  oil  NN 
nitric  acid  it  forms  a  white  crystalline  nitrate  and  a  red  oil,  and  with 
ammonia  a  solid  crystalline  amide  is  formed. 
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Structure  of  Cinnamon. 

Cinnamon,  under  the  microscope,  presents  a  complicated  and  very 
distinct  organisation,  which  is  best  seen  in  longitudinal  sections,  car- 
ried through  the  thickness  of  the  bark. 


Fig.  175. 


iMJmP^m 


Longitudinal  section  of  CrsNAiiON  carried  transversely  thi-ongh  the  bark  mag- 
nified 140  diameters.  ' 

a  a,  stellate  cells  ;  b  b,  woody  fibre ;  c  c,  starch  cells  ;  d  d,  starch  granules  ■  e  e 
granular  cinnamon-coloured  cells  or  bodies.  ' 

On  the  outer  or  external  surface  of  the  section  are  observed  nu- 
merous stellate  cells,  separable  readily  from  each  other,  and  similar  to 
those  which  we  have  so  often  before  described  as  occim-ino-  in  other 
vegetable  structures.  These  ceUs  lie  one  upon  the  other  ui  several 
layers,  and  form  a  considerable  part  of  the  thickness  of  the  bark 
Uhey  are  situated  in  the  intervals  between  the  woody  fibres;  they  are 

o  o  2 
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of  a  quadrangular  or  oval  foim,  havinp:  the  long  axes  placed  usually 
transversely  to  the  hark,  their  breadth  being  greater  than  their  depth. 
In  whatever  position  thev  are  viewed,  both  the  central  canties  and 
the  rays  which  proceed  from  them  are  visible.  Occasionally,  though 
not  usuallv,  a  few  starch  gi-anules  may  be  seen  in  the  cavities  of  these 
cells.  Proceeding  from  without  inwards,  these  cells  are  succeeded  by  • 
others,  which  are  distinguished  from  the  first  by  the  absence  of  rays, 
by  the  thinness  of  their  walls,  and  by  the  firmness  VTith  which  they 


Genuine  Cinnamon  powder,  magnified  220  diameters    a  a,  stellate  cells ;  6  *, 
(jenume  f  ^^^^^        .  ^    ^^^^^^  granules. 

adhere  to  each  other;  they  generally  contain  a  few  starch  corpuscles. 
These  cells  which  foi^m  several  series,  complete  the  thickness  of  the 

^''"Litersnersed  between  both  the  first  and  second  kinds  of  cells  are 
num^ilrwooly  fibres,  which  are  rather  shoi.  pointed  ^^^^ 
tremity,  and  fiu-nished  with  a  central  canal     It  is  t^f^^^^^'J.™^^^^ 
the  fibrous  character  to  cinnamon,  particulai-ly  observable  m  iiactuie. 

°'*Tle'itch  coiTuscles  of  cinnamon  are  small  ^::ZlZi^elf 
and  furnished  with  a  veiy  distinct  hihmi,  which  has  the  appearance 
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a  central  depression.  They  usually  occur  singly,  but  sometimes  united 
i  in  twos  or  fours. 

Lastly,  lying  in  the  cavities  of  the  most  external  of  the  second  order 
1  of  cells,  are  fi-equently  to  be  observed  deep  cinnamon-coloured  masses  of 
j  granular  texture. 


Fig.  177. 


A,  Stick  of  Cdtnamon  of  the  natural  size  and  appearance,  showing  the  thinness 
of  the  bark,  and  the  manner  in  which  the  layers  are  enclosed  one  within  the 
other  ;  a,  cross  section  of  same,  exhlbitiug  more  completely  the  number  of  the 
layers,  and  their  disposition. 

B,  Stick  of  CassIjV  of  the  natural  size  and  appearance,  showing  the  thickness  of 
the  bark,  and  the  manner  in  which  the  layers  are  enclosed  within  each  other  • 
b,  cross  section  of  same,  exhibiting  the  dispositions  of  the  layers.  ' 
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The  above  structural  particulars  are  all  shown  in  fi^.  175. 

In  ground  cinuamou  the  several  structiu-es  are  disunited  and  broken. 
The  stellate  cells  occur  singly,  or  in  gi-oups  of  two,  three,  or  more ;  the 
woody  fibre  is  disengaged,  and  is  scattered  about,  resembling  some- 
what, in  form  and  appearance,  the  hairs  which  occur  on  many  plants ; 
the  starch  corpuscles  are  set  fi-ee  from  their  cells ;  and,  lastly,  the 
cinnamon-like  masses  may  be  seen  in  the  field  of  the  microscope,  dis- 
persed here  and  there  (fig.  176). 


Composition  and  Structure  of  Cassia, 

Cassia,  Cinnamonum  cassia,  belongs  to  the  same  genus  of  plants  as 
the  true  cinnamon,  and  hence  it  resembles  it  very  closely  in  its  com- 
position and  structure. 

Composition  of  cassia. — Since  cassia  is  so  frequently  substituted  for 
cinnamon,  it  becomes  necessary  that  we  should  acquaint  ourselves  with 
its  composition  and  structure. 

If  tiuctm-e  of  iodine  is  added  to  a  decoction  of  cassia,  it  turns  blue, 
owing  to  the  larger  proportion  of  starch  contained  in  it. 

Oil  of  cassia  possesses  nearly  the  same  properties  as  oil  of  cinnamon  •, 
it  is  said  to  be  a  thicker  and  heavier  oil  than  that  of  cinnamon ;  and  its 
odoui-  and  flavour  are  inferior. 

Structure  of  cassia. — Notwithstanding  the  striking  resemblances, 
between  cassia  and  cinnamon,  there  are  characters,  however,  by  which 
they  may  be  discriminated. 

The  bark  of  cinnamon  is  scarcely  thicker  than  drawing-paper,  and 
brealis  with  an  imeven  and  fibrous  margin ;  while  each  stick  consists 
of  eight,  ten,  or  more  pieces  or  quills  of  bark  inserted  one  within  the 

other.  .  . 

Cassia  bark  is  much  stouter,  being  often  as  thick  as  a  shillmg ;  it 
breaks  short,  and  without  splintering-.  By  these  characters  alone  it  is 
easy  to  distinguish  cinnamon  from  cassia  when  in  the  whole  state,  as 
shown  by  the  accompanying  di-awing  (fig.  177). 

But  these  barks  difier  also  in  coloiu-  and  taste.  Cinnamon  is  paler 
and  browner  than  cassia,  which  is  ususally  redder  and  brighter.  The 
taste  of  one  is  sweet,  mild,  and  aromatic,  leaving  no  unpleasant  im- 
pression on  the  tong-ue,  while  that  of  the  other  is  less  sweet,  stronger, 
and  is  followed  by  a  bitterness.  ^  •+  • 

These  characters,  however,  vary  in  difierent  samples,  so  that  it 
impossible  by  these  means  alone  to  distinguish  cinnamon  fi-om  cassia 
when  in  powder,  and  we  are  not  aware  that  any  certain  means  have 
been  pointed  out  for  effecting  the  discrimination,  especially  when  the 
two  are  mixed  in  different  proportions  ;  but  here  again,  as  m  so  many 
other  cases,  the  microscope  affords  us  invaluable  assistance. 

Sections  of  cassia  bark,  viewed  under  the  microscope,  bear  a  close 
general  resemblance  to  those  of  cinnamon,  but  differ  in  their  greater 


SPICES  AND  THEIR  ADULTEEATIONS. 


5B7 


width  and  the  relative  proportions  of  the  several  structures,  particularly 
in  the  size  and  number  of  the  starch  corpuscles  (fig.  178). 

We  observe  ou  the  outer  surface,  as  in  cinnamon,  the  peculiar 
stellate  cells,  the  cavities  of  which,  however,  much  more  commonly 
than  those  of  cinnamon,  are  filled  with  well-developed  starch  cor- 
puscles. 

^  Pig.  178. 


Longitiiflinal  section  of  Cassia,  carried  transversely  through  the  bark,  magnified 
140  diameters.  .     ,  , 

a  a,  cells  of  epidermis  ;  b  b,  stellate  cells ;  d  d,  starch  cells  ;  e  e,  starch  granules ; 
//,  granular  cinnamon-coloured  masses. 

Lying  next  to  these,  we  notice  what  may  be  termed  the  proper 
starch  cells,  usually  crammed  quite  full  of  starch  corpuscles,  which, 
while  they  have  the  same  general  form  as  those  of  cinnamon,  are  yet 
two  or  three  times  larger,  as  well  as  many  times  more  numerous. 

The  woody  fibre  occurs,  as  in  cinnamon,  interspersed  between  both 
descriptions  of  cells,  and  it  does  not  appear  to  differ  appreciably  from 
that  of  cinnamon. 
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Of  the  entire  thickness  of  the  bark,  about  one-foui'th  is  formed  by 
the  stellate  cells ;  the  remaining  three-fovu'ths  being  made  up  of  the 
starch-bearing  cells. 

In  powdered  cassia,  therefore,  as  contrasted  with  powdered  cinna- 
mon, the  stellate  cells  and  woody  fibre  are  much  less  abundant,  while 
the  starch  granules  are  at  the  same  time  much  larger,  and  far  more 
numerous  (hg.  179). 

Pig.  179. 


Genuine  Cassia  powder,  magnified  220  diameters  ;  a  a,  stellate  cells ;  b  b,  woody 
fibre ;  c  c,  starch  cells ;  d  d,  starcli  granules  ;  e  e,  granular  masses. 

The  Adulterations  of  Cinnamon  and  Cassia. 

From  an  examination  of  the  analyses  of  thiHy-two  samples  of  cinna- 
mon, it  appeared  that  of  the  twelve  whole  cinnamons,  seven  were 
genuine,  and  that  Jive  consisted  of  nothing  but  cassia. 

That  the  essential  oil  is  sometimes  abstracted,  and  the  bark,  alter 
being  reduced,  sold  either  whole  or  in  the  ground  state. 

That  of  the  nineteen  samples  of  (/round  cinnamon,  three  consisted 
entirely  of  cassia. 


SPICES  AND  THEIK  ADULTERATIONS. 


569 


That  ten  of  the  samples,  or  more  than  one-half,  were  adulterated, 
the  articles  most  frequently  employed  heing  either  baked  luheat  Jlour  or 
sago  meal,  separately  or  in  combination,  but  East  hidia  arrowroot  and 
potato  Jlour  were  likewise  detected  each  in  one  instance. 

That  of  the  above  adulterated  samples  three  consisted  of  cassia 
adulterated,  and  seveni  of  cinnamon  adulterated. 

That  six  only  of  the  nineteen  samples  were  genuine. 

In  the  prices  charged  for  the  samples  of  cinnamon  examined, 
whether  whole  or  in  powder,  genuine  or  adulterated,  no  constant 
difference  was  to  be  observed,  and  consequently  the  public  suffers  great 
loss  by  the  substitution  of  cassia,  which  is  so  much  cheaper,  for  cinnamon, 
and  a"  stiU  greater  loss  by  the  other  sophistications. 

The  wheat  flom*  and  sago  detected  were  generally  baked,  to  piake 
them  resemble  in  colour  more  nearly  ground  cinnamon  or  cassia,  and 
thus  the  better  escape  detection. 

The  Detection  of  the  Adulterations  of  Cinnamon  and  Cassia. 

The  detection  of  the  various  adulterations  of  cinnamon  and  cassia  is, 
in  nearly  all  cases,  easy  enough  by  means  of  the  microscope ;  all  that  is 
requisite  is  that  the  observer  should  be  acquainted  with  the  sti'ucture 
and  characters  of  genuine  cassia  and  cinnamon,  as  well  as  of  the  articles 
employed  to  adulterate  them. 

The  mixtm-e  of  cassia  with  cinnamon  of  com'se  constitutes  an  adul- 
teration, but  very  frequently  cassia  is  substituted  for  cinnamon.  The 
mixtiu'e  and  substitution  are  both  discoverable  with  the  microscope  by 
the  diflerence  in  the  size  of  the  starch  granules,  but  the  substitution 
may  be  detected  in  other  ways. 

Thus  when  stick  cassia  is  substituted  for  cinnamon,  the  substitution 
is  known  by  the  gxeater  thickness  of  cassia  bark. 

Again,  the  decoction  of  cassia  bark  turns  blue  on  the  addition  of 
iodine,  when  one  of  cinnamon  similarly  treated  does  not  become  blue. 

It  is  stated  that  the  oil  is  sometimes  removed  from  cinnamon  bark, 
this  being  subsequently  ground  to  powder  and  mixed  with  genuine 
cinnamon. 

This  fraud  may  be  discovered  in  two  ways :  the  suspected  cinnamon 
may  be  boiled  in  distilled  water  for  a  time  and  the  oil  distilled  off ;  the 
quantity  of  oil  obtained  may  be  estimated  by  measurement  in  a  small 
graduated  tube  rather  than  by  weighing. 

A  more  expeditious  process  is  to  examine  the  cinnamon  with  the 
microscope  ;  if  this  has  been  acted  upon  by  boiling  water,  the  starch 
granules  will  be  foimd  to  have  lost  their  proper  form,  to  have  become 
distorted  and  irregular,  while  many  of  them  are  larger  than  natural. 
If  the  cinnamon  has  been  subjected  to  the  prolonged  action  of  the 
water,  the  granules  will  have  become  so  broken  up  and  dissolved  that 
they  can  no  longer  be  detected. 
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NUTMEGS  AND  THEIR  ABTOTEBATIONS. 

There  are  three  species  of  Mytistica  which  fiimish  nutmegs.  That 
which  yields  the  best  description,  Myristica  frayram,  forms  a  tree 
from  twenty  to  twentj'-tive  feet  high,  somewhat  similar  in  appearance 

to  a  pear  tree.  j    -u    4.  ^i,    •  f 

The  fruit  is  smooth  externally,  pear-shaped,  and  ahout  the  size  ot 
an  ordinary  peach.  It  consists,  first,  of  an  outer  fleshy  covenng, 
called  the  pericmy,  which  when  mature  separates  into  nearly  equal 
lonoitudinal  parts,  or  valves ;  seconcUy,  of  the  aril,  or  »»«ce,  which 
when  recent,  is  of  a  bright  scarlet  colour ;  and  thirdly,  of  the  seed 
proper  or  mitmey.  This  is  enclosed  in  a  shell,  which  is  made  up  of 
two  coats:  the  outer  is  hard  and  smooth;  the  inner,  thin,  closely 
invests  the  seed,  sending  off  prolongations,  which  enter.the  substance 
of  the  seed,  and  which,  being  colom-ed,  impart  the  marbled  or  mottled 
appearance  characteristic  of  nutmeg.  _  m    ^  i. 

There  are  two  kind  of  nutmegs  met  with  m  commerce,  ihe  tirst, 
called  the  true,  round,  cultivated,  or  female  nutmeg,  is  the  product  of 
Myiistica  frayrans.      -  ,      ,  ,     ,         •, ,  7 

The  second  kind  of  nutmeg  is  called  the  false,  lony,  wild,  or  male 
nutmeo-,  and  is  the  produce  chiefly  of  Myristica  fatua;  but  a  kind  of 
nutmeg  which  is  also  caUed  wild,  is  obtained  fi-om  Myristica  Mala- 

barica.  ,        ,     p     .  -u 

In  the  Banda  Islands,  three  crops  or  harvests  of  nutmegs  are  ob- 
tained in  the  year  ;  the  principal  gathering  is  in  July  or  August ;  the 
second  in  November  ;  and  the  thu-d  in  March  or  April. 

The  fruit  is  gathered  by  means  of  a  barb  attached  to  a  long  stick : 
the  mace  is  separated  from  the  nut,  and  separately  cm-_ed. 

On  account  of  their  liability  to  the  attacks  of  an  insect  k-nown  as 
the  nutmeg  insect,  considerable  care  is  required  m  drying  them.  _  lUey 
should  be  dried  in  their  sheUs,  as  they  are  then  secm^e  irom  the  insect. 
Thev  are  placed  on  hurdles,  and  smoke-diied  over  a  slow  wood  fai-e 
for  about  two  months.  In  the  Banda  Islands,  they  are  first  di-ied  m 
the  sun  for  a  few  days,  men  the  operation  of  drying  is  complete, 
the  nuts  rattle  in  their  shells ;  these  are  cracked  with  mallets,  and  the 
damaged,  shi-ivelled,  or  worm-eaten  nuts  removed. 

'  To  prevent  the  attacks  of  the  insect,  the  nuts  are  frequently 
limed  For  the  English  market,  however,  the  brown  or  unlimed 
nutmea-s  are  preferred  The  Dutch  lime  them  by  dipping  them  into 
a  thick  mixtiu-e  of  lime  and  water  ;  but  this  process  is  considered  to 
iniure  their  flavour.  Others  lime  them  by  rubbing  them  with  re- 
ceiitly-pi-epai-ed,  well-sifted  lime.  This  process  is  sometimes  practised 
in  London.' — Pereira. 

Composition  of  Nutmeys. 
Nutmegs  contain  both  a  fixed  and  a  volatile  oil.  0*7  or 

myristm  is  prepared  by  beating  the  nutmegs  to  a  paste  ;  this  is  subjected. 
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enclosed  in  a  bag,  to  the  vapour  of  water,  and  the  oil  afterwards  ex- 
pressed by  means  of  heated  plates.  It  is  imported  in  calces  -which 
have  somewhat  the  size  and  form  of  common  brides,  and  are  covered 
•with  leaves.  The  fixed  oil  prociu'ed  in  this  manner  contains  a  por- 
tion of  the  volatile  oil,  from  which  its  colour  and  fragrant  odour  are 
derived. 

The  volatile  oil,  on  the  presence  of  which  the  flavour  and  aroma  of 
nutmegs  principally  depend,  is  procured  by  distillation  with  water  ;  the 
produce  thus  obtained  at  Apothecaries'  Hall,  London,  is  usually  4-5 
per  cent.,  but  according  to  most  observers  nutmegs  contain  about  6  per 
cent.  This  oil  has  a  specific  gravity  according  to  Lewis,  of  0-948,  and 
according  to  Bley,  0-920.  It  is  a  mixtiu-e  of  a  volatile  oil  and  a  camphor. 
When  left  to  stand,  it  deposits  imj7-istAcin,  which  is  readily  soluble  in 
boiling  water,  crystallising  on  cooling  in  long  very  thin  prisms  with 
dihedral  summits  or  in  steUss.  It  melts  at  above  100°  0.  and  sublimes 
at  a  higher  temperatiu-e.  Now,  nutmegs  are  frequently  deprived  of  a 
portion  of  their  essential  oil  by  distillation,  and  after  being  well  limed, 
are  again  sent  into  the  market  in  this  comparatively  valueless  state. 

Bonastre'a  analysis. 


Volatile  oil   6-0 

Liquid  fat   7-6 

Solid  fat   24-0 

Acid   0-8 

Starch   2-4 

Gum   1-2 

Ligneous  fibre       ......  54-0 

Loss   4-0 


100-0 

Structure  of  Nutmegs. 

Nutmegs  under  the  microscope  present  peculiarities  of  structiu-e, 
by  which  they  may  be  distinguished,  even  in  powder,  from  other 
vegetable  productions.  A  thin  section,  viewed  under  an  object  glass 
magnifying  220  diameters,  is  seen  to  consist  of  minute  angular  cells. 
Those  forming  the  white  or  uncoloured  part  of  the  nut  present, 
previous  to  the  action  of  water  upon  them,  an  opalescent  appearance, 
from  the  quantity  of  oil  enclosed  in  them ;  their  cavities  contain  in 
addition  much  starch,  in  the  form  of  small  but  distinct  granules, 
mostly  of  a  rounded  shape ;  but  occasionally  a  few  of  the  granides  are 
angular  ;  and  all  have  well-marked  central  depressions. 

The  cells  forming  the  coloured,  vein-like  portion  of  the  nut  differ 
from  the  other  cells  in  coloiu*  and  in  being  destitute  of  starch,  con- 
taining apparently  only  a  small  quantitj'  of  oil  (fig.  180). 
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The  Adulterations  of  Nutmegs. 

Since  nutmegs  are  never  sold  in  the  powdered  state,  they  are  not 
liable  to  adulteration  hy  admixture  with  foreign  ingredients,  like 
several  of  the  spices  which  have  been  already  noticed,  as  ginger, 
cinnamon,  and  cassia ;  nevertheless,  they  are  subjected  to  a  process 


Fig.  180. 
Section  of  Nutmeg. 
(Magnified  220  diamecers.) 


1. 

> 

a  a,  cells  forming  tliewliite  or  unooloured  portions  of  the  nutmeg;  they  ore  seen 
to  contain  numerous  starch  granules.  6  6,  the  starch  granules,  c,  a  portion 
of  one  of  the  veins  formed  by  the  inversion  of  the  inner  coat  of  the  seed  vessel 
or  endopleura  ;  it  consists  of  coloured  cells,  containing  oil  only,  d,  loose  starch 
grannies  magnifled  420  diameters. 

which  impairs  their  value  and  quality  as  much  as  though  they  had 
been  actually  adulterated  in  the  same  manner  as  by  the  abstraction  ot 
the  volatile  oil. 

The  wild  nutmeg  obtained  from  the  Myristica  Malabanca  has 
scarcely  any  flavour  or  odour,  and  according  to  Eheede,  is  of  the  size 
and  figure  of  a  date.  '  The  Turlrish  and  Jewish  merchants,  writes 
Rheede,  'mix  these  nutmegs  with  the  true  long  ones,  and  the  mace 
with  good  mace,  selling  them  together.  They  also  extract  from  these 
inferior  articles  an  oil,  with  which  they  adulterate  that  of  a  more 
genuine  quality.' 
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The  work  of  M.  Ohevallier,  entitled  '  Dictionnaire  des  Alterations 
et  Falsifications  des  Substances  Alinientaires,  Mddicameiiteuses,  et 
Commerciales,'  in  ti-eating  of  nutmegs,  contains  the  following  obser- 
vations, under  the  head  of '  Falsifications : ' — 

'  Nutmegs  are  sometimes  mixed  with  riddled  nuts,  eaten  by  insects, 
and  become  brittle ;  the  small  apertm-es  are  then  closed  with  a  kind 
of  cement,  formed  of  flom-,  oil,  and  the  powder  of  nutmegs.  This 
paste  has  even  served  to  fabricate  false  nutmegs,  inodorous  and  in- 
sipid. The  workmen  of  Marseilles  have  even  made  thern  of  bran, 
clay,  and  the  refuse  of  nutmegs :  these  nutmegs,  placed  in  contact 
with  water,  soften  down  in  that  liqidd. 

'  The  worm-eaten  nuts  are  equally  insipid,  and  almost  inodorous ; 
sometimes  they  have  a  mouldy  odour.' 

Eighteen  samples  of  nutmegs  were  subjected  to  examination,  the 
result  being  that  in  no  case  had  the  essential  oil  been  abstracted. 

The  Detection  of  the  Adulterations  of  Nutmegs. 

The  only  adulteration,  excepting  that  by  admixtui-e  with  wild  nut- 
megs, to  which  it  appears  that  nutmegs  are  liable — and  this  doubtless 
is  of  rare  occuiTence — is  by  means  of  the  artificial  or  factitious  nut- 
megs mentioned  by  M.  Ohevallier. 

These  may  be  readily  discovered  by  soaking  them  in  water,  when,  of 
course,  they  would  readily  break  down. 

The  differences  between  the  cultivated  and  wild  nutmegs  have 
already  been  described. 

The  nutmegs  from  which  the  oil  has  been  abstracted  may  be  re- 
cognised by  the  presence  of  punctm-es  on  the  surface,  and  by  their 
much  greater  lightness. 

It  is  singular  that  the  starch  granules  of  nutmeg  are  but  little 
affected  by  boiling ;  so  that  this  means  of  discrimination,  so  satisfac- 
tory in  the  case  of  cinnamon,  cassia,  and  some  other  spices,  is  of  little 
or  no  value  in  the  present  instance. 

Of  this  remai-kable  circiunstance  it  is  not  easy  to  afford  an  explana- 
tion ;  it  probably  depends  upon  the  difficulty  with  which  the  boiling 
water  makes  its  way  into  the  substance  of  the  nut,  in  consequence  of 
its  hard  texture  and  the  large  quantity  of  fixed  oil  contained  in  it. 

The  differential  duties  on  wild  and  cultivated  nutmegs  ofier  a 
premium  for  the  substitution  of  the  inferior  for  the  superior  article. 

MACE  AlO)  ITS  ADULTERATIONS. 

As  there  are  two  kinds  of  nutmeg,  so  are  there  two  kinds  of  mace, 
the  produce  of  the  same  plants :  thus,  there  is  ti'ue  or  cultivated 
mace,  and  false  or  wild  mace. 

Wild  or  false  mace  is  of  a  dark-red  colour,  and  deficient  in  flavour 
and  aroma. 
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CompositAon. 

The  composition  of  mace  closely  resemWes  tliat  of  the  nutmeg  itself ; 
it  contains,  as  \vill  he  seen  from  the  following  analysis,  a  volatile 
and  a  fixed  oil — 

Volatile  oil. 

Ked  fat  oil,  soluble  in  alcohol. 
Yellow  fat  oil,  insoluble  in  alcohol. 
Alcoholic  extractive. 
Amiden. 

Ligneous  fibre  with  lime. 

Structure  of  Mace. 

Viewed  under  th6  microscope,  mace  presents  a  structure  very  dis- 
tiuct  from  that  of  the  nutmeg  itself. 

Covering  the  sm-face  of  the  blades  is  a  delicate  membrane,  consist- 
ino'  of  a  single  layer  of  cells ;  they  are  tubular,  much  elongated,  taper 
at°either  end  to  a  point,  and  resemble  in  size  and  form,  although  not 
in  delicacy  of  textm-e,  ordinary  woody  fibre.  The  long  diameters  of 
the  cells  are  disposed  vertically  on  the  sm-face  of  the  mace. 

But  the  chief  substance  is  made  up  of  other  cells  differing  in  size 
and  form  from  those  already  noticed ;  these  contain  fixed  oil,  and  much 
starch. 

Imbedded  in  the  midst  of  these  cells  are  larger  cells,  spaces,  or  re- 
ceptacles, which,  in  thin  sections,  whether  made  crosswise  or  lenglh- 
wise,  appear  as  apertiu-es.    These  contain  the  essential  oil  of  mace. 

Scattered  here  and  there  may  be  seen,  both  in  ti-ansverse  and  longi- 
tudinal sections,  small  bundles  of  woody  fibre,  of  a  brownish^  colour, 
enclosino-  one  or  two  small  spiral  vessels.  In  transverse  sections  the 
ordinary" starch  ceUs  are  perceived  to  be  arranged  round  the  bimdles  in 
a  radiate  manner. 

The  structure  of  mace  is  exhibited  in  fig.  181. 

The  Adulterations  of  Mace. 
'    Like  the  nutmeg,  mace  may  be  deprived,  by  distillation,  of  its 

essential ^^^^  j^^^j^teration  of  mace  known  to  be  practised  is  that  by 
admixture  with  wild  mace ;  this  is  disting-uished  by  its  dark  red 
colour  and  by  its  deficiency  in  flavour  and  aroma. 

Of  twelve  samples  of  mace  subjected  to  examination  the  lohole  were 
genuine, 

CLOVES  AND  THEIR  ADTTLTERATIONS. 

Gloves  are  the  vinexpanded  flower-buds  of  Eugenia  caryophyllata  or 
Caryophyllus  aromaticus,  a  tree  from  fifteen  to  thirty  feet  in  height, 
one  of  the  Myrtaceae  or  myrtle  tribe.    The  word  clove  is  derived  from 
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the  Freuch  word  clou,  from  a  fancied  reseniWance  to  a  nail  in  the  form 

of  the  clove.  .    .  a          j.  n  *i 

The  flower-huds  are  arranged  on  terminal  flower-stalks  ;  they  are 
either  gathered  by  hand  or  obtained  by  beating-  with  bundles  ot  reeds, 
in  which  case  cloths  are  spread  beneath  the  trees  to  catch  them;  they 
are  afterwards  dried  either  by  the  lire,  or,  what  is  better,  m  the  sun  ; 
they  are  imported  in  casks  or  bags. 


Fig.  181. 
Transverse  SECTioif  op  Mace. 
(Magnifled  220  diameters.) 


a  a,  receptacles  for  the  essential  oil ;  many  of  them  appear  in  the  section  as  aper.:- 
tures,  and  are  represented  in  the  figure  as  such.  6  6,  the  same,  exhibiting  the 
appearance  of  closed  cells,  from  the  circumstance  of  their  not  being  out  into  ; 
the  colouring  matter  of  mace  is  located  chiefly  in  these  cells  or  receptacles,  c  c, 
large  air-bubbles  usually  observed  in  sections  immei'sed  in  water,  d  d,  cells 
filled  with  starch  corpuscles,  e,  the  starch  coi-puscles  loose,  magnified  420 
diameters.  /,  the  cells  forming  the  delicate  coat  or  cuticle  investing  mace. 


Composition  of  the  Clove. 

Cloves  contain,  according  to  the  analysis  of  Trommsdorf,  volatile 
oil,  18  ;  almost  tasteless  resin,  6  ;  tannin,  13  ;  difficultly-soluble  extrac- 
tive with  tannin,  4 ;  gum,  13  ;  luoody  fibre,  28  ;  and  loater,  18  per  cent. 

The  volatile  oil  is  obtained  from  cloves  by  repeated  distillation. 
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The  yield  on  an  average  is  said  to  be  from  seventeen  to  twenty-two 

"^^^  ItVas  been  ascei-tained  that  the  oil,  which  was  formerly  regarded 
as  a  simple  oil,  is  really  composed  of  two  volatile  oils,  possessmg  dif- 
ferent qualities,  and  one  of  which  is  Ughter  and  the  other  heavier  than 

Tlie  characters  and  composition  of  these  oils  are  thus  given  in 
Pereira's  'Materia  Medica,'  ed.  1.  part  ii.  p.  1093  :— 

Fig.  182. 
Petal  of  Clove-bud. 
(Magnified  60  diameters.) 


thP  Tiptal  of  flower-bnd  of  clove,  showing  the  recept.ncles 
^'i:^TM™etentil*oa^  ^.surface  of  petal;  the  receptacles 

for  the  oil  in  this  view  are  mdistmot. 

mi  of  Cloves  (Clove-IIydrocm-bon).—Go\om\ess,  BY.  gr. 
n  Qi«  8°  r  bfus  at  from  142  to  143°  0.  It  passes  over  with  the 
0-918,  ^Vltp;wheu  the  crTide  oil  of  cloves  is  distilled  with  potash 

Sle"    com^^^^^^  ^5-^^^^  '^^^S'^^fTn 

Jrwithout  yielding  a  crystalline  compound.    It  consists  of  0,,H,„ 

lence  it  is  isomeric  with  oil  of  tm-pentine. 
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/3.  Heavy  Oil  of  Cloves  (CloTe  Acid  ;  Eugenic  Acid). — When  crude 
oil  of  cloves  is  distilled  with  potash,  the  clove  hydi'ocarbon,  sometimes 
called  the  light  oil  of  cloves,  passes  over,  eugenic  acid  remaining  behind 
1  as  a  eugenate  of  potash  from  vehich  it  may  be  separated  by  a  mineral 
i  acid.  It  is  colourless  when  recently  prepared,  but  becomes  coloured 
'  by  age  with  the  formation  of  resins.  Its  specific  gravity,  according  to 
;  Stenhouse,  is  1-076,  and  its  boiling  point  242°  G.  Its  formula  is 
I  CigHjoOo.  It  combines  with  alkalies  to  form  crystalline  salts  (alka- 
I  line  eugenates,  clove-oil  alkalies).  If  a  salt  of  iron  be  added  to  one  of 
I  these,  it  yields  a  blue,  violet,  or  reddish  compound  («  ferruginous 
I  eugenate),  varying  somewhat  according  to  the  nature  of  the  ferruginous 
:  salt  used :  thiis  the  protosulphate  of  iron  yields  a  lilac,  the  persulphate 
;  a  red,  which  becomes  violet  and  afterwards  blue ;  while  the  sesqui- 
L  chloride  gives  a  vinous,  which  tm-ns  to  red  (Bonasti-e).  Nitric  acid 
:  reddens  clove  acid. 

A  substance  which  crystallises  in  white  nacreous  laminse  is  fre- 
cquently  deposited  fi'om  the  water  distilled  from  cloves.  This  has 
1  been  called  clove-camphor  or  eugenin,  and  is  said  to  be  isomeric  with 
c  eugenic  acid.  It  is  insoluble  in  water,  and  with  nitric  acid  tm-ns  blood- 
rred. 

The  imespanded  flower-buds  are  not  the  only  parts  of  the  tree 
T  which  are  aromatic,  as  the  footstalks  and  fruit  or  seed  vessels  are  like- 
vwise  so  to  some  extent. 

The  peduncles,  ov  footstalks,  according  to  Guibom-t,  are  sometimes 
-  substituted  for  cloves  by  distillers  of  the  oil. 

The  fruit,  mother-doves  as  they  have  been  called,  are  occasionally 
nmet  with  in  commerce ;  they  have  the  shape  of  the  olive,  but  are 
^  smaller,  and  possess  the  odour  and  taste  of  the  clove  in  a  mild  degree. 

Structure  of  the  Clove. 

The  minute  structure  of  cloves  is  extremely  characteristic.  The 
grounded  head  or  hud  consists  of  the  imexpanded  petals ;  if  a  ti'ansverse 
vsection  of  one  of  these  be  made,  it  wiU  be  seen  to  be  composed  of 
-iceUxdar  tissue,  in  the  midst  of  which  are  numerous  receptacles  for  the 
-essential  oil ;  these  extend  through  the  whole  thickness  of  the  leaf, 
>being  usually  three  or  foiu*  deep. 

When  the  petal  is  viewed  on  the  surface,  the  receptacles  are  seen 
Jibut  indistinctly,  being  obsciired  by  the  ceUular  tissue  of  which  the 
naurface  of  the  petal  is  formed  (fig.  182). 

In  a  fransverse  section  of  the  flower-stalk,  viewed  with  an  object- 
•^lass  of  one-inch  focus,  the  following  appearances  present  them- 
•  selves : — 

In  the  outer  third  of  the  section,  ntmierous  large  holes  are  ob- 
*«erved ;  these  are  the  divided  receptacles ;  next  to  these,  passing 
ninwards,  are  bundles  of  woody  fibre,  forming  a  narrow  cu'cle  in  the 
ninterior  of  the  stalk ;  extending  from  these  to  near  the  centre  of  the 

p  p 
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toiv  n  tiqsue  formed  of  numerous  tutular  cells,  with  large  spaces 
Seen  ther  as  well  as  the  tubular  cells  and  mter- 

Fig.  183. 

TBANSVERSK  SECTION  OF  FLOWEB-STAUi  OF  THE  CLOVE. 

(Magnified  60  diameters.) 


a,  receptacles  for  the  essential  oil ;  the  section  b^'P^^/ «;;",nnto'!'''r6rc^^^^^^^^^^ 
'appearance  of  apertures,      cons^e    c  c  Se?o?  woody  fibre,   d,  the 
tissues  surrounding  the  woody  ^'i'^^:.  .^/^V/i^^^^^ 

rorrrTr^n^^Voft  ap^^^^ 
structure  being  obscure.  //,  droplets  of  oil. 

spaces,  contain  essential  oil,  visible  in  sections  immersed  in  water,  ii 
the  form  of  innumerable  droplets  (fag.  iecJ;. 
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Longitudinal  sections  exhibit  a  nearly  similar  structural  arrano-e- 
ment  (fig.  184). 

Cloves  contain  scarcely  any  starch. 


Pig.  184. 

LoxGiruDiNAL  Section  of  Flower-stalk  op  the  Clove. 
(Magnified  CO  diameters.) 


a  a,  rec«ptacles  for  tlie  essential  oil,  appeai-ing  as  apertures  from  having  been 
cut  into  in  making  the  section,  b,  cellular  tissue,  c,  woody  fibre,  d!  the 
tubular  structure  and  interspaces  which  form  the  internal  portion  of  the  stalk 
e,  the  dark  central  part  of  the  flower-stalk.  / /,  droplets  of  oil. 

The  clove-stalks  present  a  structure  somewhat  similar  to  that  of 
cloves  themselves ;  that  is,  they  consist  of  cellular  tissue,  hollowed 
out  here  and  there  into  receptacles  for  the  essential  oil ;  but,  in  ad- 

p  p  2 
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dition,  tTie  stalks  are  provided  with  an  epidermis,  or  coating  of  the 
steUate  cells,  which  are  of  such  frequent  occurrence  in  diflereut  tonds 
of  bark. 

The  Adulterations  of  Cloven. 

Cloves  are  hut  seldom  sold  in  powder,  and  hence  the  liahility  to 
adulteration  is  fiTeatly  lessened-,  they  are,  however,  occasionally  met 

with  in  that  state.  _  .  <•  xi.  i.- 

Clove-stalks,  although  very  infenor,  contain  some  of  the  active  pro- 
nerties  of  cloves,  and,  as  alreadv  noticed,  are  occasionally  used  by  dis- 
tiUers  for  procuring  the  essential  oil  of  cloves.  We  have  reason  to 
believe  that  in  some  cases  the  stallcs  are  gi-ound  up,  and  mixed  with 
the  nowder  of  genuine  cloves.  .    ,  vi 

The  quality  and  value  of  cloves  are  not  unfrequently  impaired,  hke 
some  other  spices,  by  the  abstraction  of  the  essential  oil. 

This  fraud  used  to  be  extensively  practised  m  Holland  Ihe  draim 
cloves,  for  more  effectual  conceahuent,  being  mixed  with  others  ot 
(rood  quality ;  and  even  in  some  instances  the  trouble  was  taken  to 
restore  as  nearly  as  possible  to  the  exhausted  cloves  their  ongmal 
appearance,  by  rubbing  them  over  with  some_  common  oil. 

TweW-^l-e  samples  of  cloves,  whole  and  in  powder,  were  subjected 
to  examination,  the  results  being  that  one  onlj  of  the  powdered  cloves 
pontained  a  proportion  of  clove-stalks,  while  from  none  of  the  whole 
cloves  had  the  essential  oil  been  absti-acted.  t  j-    i     i  ^ 

The  volatile  oil,  as  imported  into  this  country  from  India,  has  been 

M 'cS^^^^^^^  authoritv  of  Milbm-n,  states  that  the  oil  ini- 
ported' from  India  contains  nearly^half  its  weight  of  an  msipid  ex- 
pressed oil,  whicb  is  discovered  by  dropping  a_  little  into  spirits  of 
S!and  on  shaking  it  the  genuine  oil  mixes  with  the  spirit,  and,  the 
in<5inid  seuaratin"-,  the  fi-aud  is  detected.  _ 

So4s^Sy  imbibe  moisture,  whereby  their  weight  becomes 
gi-eatlrincreased,  a  fact  of  which  dishonest  dealers  have  not  failed  to 
avail  themselves. 


The  Detection  of  the  Adulterations  of  Cloves. 
The  adulteration  of  powdered  cloves  with  clove-stall«  is  readily 
detected  by  ^^^^^    of  the  microscope,  which  reveals  the  pre.sence 
nf  the  stellate  cells  of  the  stalk.    If  the  essential  oil  has  been  removed, 
1  cbts  wUl  be  dry  and  bitter,  no  oil  appearing  on  the  sm-face  when 

"^ISr^^Zrf^^^  1-  "  by  distillation; 


Adulterations  with  foreign 
by  the  microscope. 
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PIMENTO  OR  ALLSPICE  AND  ITS  ADULTERATIONS. 

Pimento,  Jamaica  pepper,  or  Allspice,  is  tlie  berry  or  fruit  of  the 
Myrtus  jnmento  or  Eugenia  jnmento,  one  of  the  Myrtacece.  It  grows 
in  the  West  Indies,  and  principally  in  Jamaica,  especially  on  the  hills 
on  the  north  side  of  that  island.  It  forms  a  beautiful  tree,  which 
attains  some  thirty  feet  in  height,  and  is  planted  in  regular  walks, 
which  are  named  Pimento  wallcs. 

The  fruit  is  gathered  after  it  has  attained  its  full  size,  but  while 
still  green  ;  it  is  usually  sun-dried,  but  sometimes  kiln-dried  on  sheets  ; 
in  drying,  the  colom-  of  the  fruits  change  from  green  to  reddish-brown; 
when  ripe,  the  berry  becomes  black  or  dark  purple  in  colour,  and  is 
glutinous,  and  consequently  in  that  state  imfit  for  preservation. 

Comjjosition  of  Allspice. 

As  in  the  case  of  cloves,  the  essential  oil  of  pimento  is  a  mixtm-e 
of  two  oils— a  light  and  a  heavy  oil.  The  properties  of  these  are  thus 
described  in  Pereha's  '  Materia  Medica ' : — 

'  By  distillation  with  water,  allspice,  lilce  cloves,  yields  two  vola- 
tile oils— the  one  lighter,  the  other  heavier  than  water.  The  oil  of 
pimento  of  the  shops  is  a  mixtiu-e  of  these ;  except  in  odour,  its  pro- 
perties are  almost  identical  with  those  of  oil  of  cloves.  Its  specific 
gravity  at  8°  C.  is  1-0.3.  By  distillation  with  caustic  potash,  the  lir/ht 
oil  is  separated ;  the  residue,  mixed  with  sidphiuic  acid,  and  submitted 
to  distillation,  gives  out  the  heavy  oil. 

'  a.  Light  oil  of  2}imento  {Pimento-Hydrocarlon)  has  not,  to  my 
Imowledge,  been  previously  examined.  Its  properties  appear  to  be 
sunilar  to  those  of  the  light  oil  of  cloves.  It  floats  on  water  and  on 
liquor  potassffi,  and  is  slightly  reddened  by  nitric  acid.  Potassium 
sinks  in,  and  is  scarcely,  if  at  all,  acted  on  by  it. 

_  '/3.  Heavy  oil  of  pimento  {Pimentic  Acid). — Very  similar  to  clove- 
acid.  It  foiTus  with  the  alkalies  crystalline  compomds  {alkaline  jnmen- 
tates),  which  become  blue  or  greenish  on  the  addition  of  the  tincture 
of  the  chloride  of  iron  (owing  to  the  formation  of  di.  ferruginous  pimen- 
tate).  Nitric  acid  acts  violently  on  and  reddens  it.'  The  heavy  oil  is 
said  by  some  to  be  identical  with  eugenic  acid. 
_  _  Bonastre,'  in  1825,  published  the  following  analysis  of  the  compo- 
sition of  pimento  ben'ies  ; — 


1  '  Jcurn.  de  Cliim.  Mdd.'  i.  210. 
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Volatile  oil 
Green  oil . 
Solid  fat  oil 
Astringent  extract  . 
Gummy  extract 
Colouring  matter  . 
Kesinous  matter 
Uncrystallisable  sugar 
Malic  or  gallic  acid 
Lignin 

Saline  ashes  . 
Water  . 
Loss 

Eed  matter  insoluble  in  water, 
Pellicular  residue  . 
Brown  ilocculi 


Total  . 


Husks.  1 

Kernels. 

10-0 

5-0 

84 

2-5 

0-9 

1-2 

11-4 

39-8 

3-0 

7-2 

4-0 

— 

1-2 

— 

3-0 

8-0 

0-G 

1-G 

Ov  u 

2-8 

1-9 

3-0 

30 

1-8 

8-8 

16-0 

3-2 

100-0 

100-0 

Complicated  aud  complete  as  tlie  above  analysis  would  appear  to 
be  it  yet  does  not  embrace  tlie  starch  wHch  is  contained  m  the  seeds 
in'laro4  quantity.  Braconnet,  however,  detected  the  presence  of  starch, 
and  estimates  it  as  forming  9  per  cent  of  the  seeds 

Mr.  Whipple  estimates  the  yield  of  pimento  oil  to  be  about  4  ^7 
per  cent,  of  the  weight  of  the  seed. 

Structure  of  Allspice. 

As  in  the  case  of  other  seeds,  the  pimento  beiTy  is  divisible  into 
husk  and  seed,  or  seeds  proper.  . 

The  busk  s  thiclc,  and,  when  dried,  soft  and  brittle  ;  it  sends  off 
from  its  inner  sm-face  a  prolongation  which  forms  a  septum,  and 

'^^^^^^^nirii^e^e^^^^  the  microscope,  present 

''''onZZ^T^ToiT^.  section  are  seen  several  large  cells  or  re- 
ce«i«ctefoJ  the  essential  oil,  sometimes  two  or  three  deep ;  more 
iSnaUy  numerous  stellate  cells,  .attached  to  and  imbedded  m  cel- 
nla  tissue  occm-;  next  to  these  are  bundles  of  woody  fibre  and  deh- 
cie  spSwesseb  ;'  while  the  deepest  or  innermost  part  of  the  section 

'^°'^Sc?up1^^^^^^^^^^^  formed  by  the  Misk  is  a  small  flattish 

seed  of  f  dark  brown  or  chocolate  colom-.    After  maceration,  two 

1  Duncan, '  Edinb.  Dispens.' 
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membraues  may  be  separated,  althougli  with  some  difficulty,  from  the 
surface  of  the  seed.  The  most  external  of  these  is  thin  and  delicate, 
and  consists  of  a  single  layer  of  elongated  and  angular  cells.  The 


Fig.  185. 

Vertical  Section  op  HnsK  of  Pimento  Bebby. 
(Magnified  220  diameters.) 


a,  cells  or  receptacles  for  the  essential  oil.  b,  stellate  cells,  c,  cellular  tissue 
surrounding  the  stellate  cells,  d,  bundles  of  woody  fibre  and  spiral  vessels,  e, 
cellular  tissue  forming  the  innermost  part  of  the  section. 

internal  tunic  is  composed  of  several  layers  of  large  corrugated  and 
coloured  cells  ;  it  is  to  these  that  the  dark  coloiu'  of  the  surface  of  the 
seed  is  due  ;  when  viewed  under  the  microscope,  they  exhibit  a  cha- 
racteristic port  wine  tint  (figs.  185  and  186). 

The  structure  of  the  seed  proper,  as  displayed  in  vertical  sections, 
is  as  follows : — 
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Eunnlug  roimd  the  outer  part  of  the  section  is  a  single  layer  of  large 
receptacles,  tlie  remaining  thickness  being  made  up  of  angular  and 
transparent  cells,  the  cavities  of  which  are  tilled  with  numerous  well- 
defined  starch  gi-anules  (fig.  187). 

When  piuiento  berries  are  reduced  to  powder,  the  whole  of  the 
J'oregoing  structures  become  disunited,  broken  up,  and  variously  in- 

Fig.  186. 

Portion  of  the  Membbanes  on  Suiiface  op  the  Sekd  Propkr. 
(Mngnifled  220  diameters.) 


a  External  membrane,  consisting  of  a  single  layer  of  elongated  and  angular 
cSis  b.  Internal  membi-ane,  made  up  of  several  layers  of  large  port  ^vme 
coloured  cells. 

termixed  The  port-wine  coloured  ceUs  are  particulai-ly  conspicuous, 
and  afford  a  character  by  which  the  nature  of  the  powder  may  be  at 

once  determined.  .  , 

Theseveml  structiu-es  above  mentioned,  as  they_  appear  m  genuine 
groimd  pimento  powder  or  allspice,  are  represented  m  fag.  ittfe,  p. 
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The  Adulterations  of  Allspice. 

Of  tweiity-one  samples  of  oround  allspice  subjected  to  examination, 
one  only  was  adulterated  with  mustard  husk,  a  result  probably  mainly 
attributable  to  the  great  cheapness  of  this  spice. 

Fig.  187. 

VEitTicii  Section  op  the  Seed  PnoPEn  of  Pimento  Beiiky. 
(Magnified  220  diameters.) 


In  the  upper  part  of  the  figure  two  of  the  receptacles  for  the  oil  are  exhibited ; 
and  in  the  lower  part,  a  a,  the  cells  containing  the  email  rounded  starch  cor- 
puscles ;  b,  loose  starch  corpuscles,  magnified  420  diameters. 

The  Detection  of  the  Adulterations  of  Allspicer 

The  adulteration  with  mustard  husk  is  one  which  is  very  readily 
discoverable  by  means  of  the  microscope,  the  structural  peculiarities  of 
which  will  be  found  described  under  the  article  '  Mustard.' 
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MIXED  SPICE  AND  ITS  ADTOTERATIONS. 

Mixed  spice,  as  the  name  implies,  is  a  mixtm-e  in  different  pro- 
portions of  several  spices  ;  those  of  which  it  is  usually  composed  are 


Fig.  188. 

GnOUND  PUIENTO  OR  ALLSPICE. 

(Magnified  220  diameters.) 


a  Fra-ments  of  husk.  6.  Stellate  cells,  c.  External  coat  or  membrane  of  seed 
nroner  d  Port- wine  coloured  cells,  which  form  the  second  membraiie  of  seed. 
£.  Cells  of  the  seed,  which  contam  the  starch  granules.  /.  Loose  starch  cor- 
puscles. 

ground  einger,  pimento  or  allspice,  with  cassia  or  cinnamon,  and 
sometimes  a  small  quantity  of  powdered  cloves.  Such  are  the  usual 
in-redients  Which  enter  into  its  composition.  In  some  rare  cases, 
however,  it  may  contain  other  spices,  as  mace  or  nutmeg ;  but  what- 
ever the  constituents,  and  in  whatever  proportions  they  are  employed, 
mixed  spice,  when  genuine,  should  consist  entu-ely  ot  a  combination 
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of  spices,  and  should  not  contain  a  particle  of  farinaceous  matter  other 
than  that  proper  to  the  articles  composing  it.  Thus  it  should  never 
contain  wheat  f  our,  potato  farina,  or  saffo  meal,  and  whene\er  any 


Fig.  189. 
Genuine  Mixkd  Spice. 
(Maguifled  220  diameters.) 


a.  Woody  fibre  of  ginger,  a'.  Cells  of  ginger  -u-hicli  contain  the  stai'ch.  a". 
Starch  granules  of  ginger,  b.  Outer  huslc  of  pimento  or  allspice.  V.  Stellate 
cella  of  same.  b".  Husk  of  the  seed  proper  of  ditto,  b'".  Port-wino  coloured 
celh  of  ditto,  b"".  Starch  cells  ;  and  b"'",  starch  gi-anules  of  same.  c.  Starch 
granules  and  fragments  of  powdered  cinnamon. 

of  these  are  present,  the  article  is  to  he  considered  and  treated  as 
adulterated. 

The  ahove  engraving  represents  the  structiu'e  of  the  several  ingi'e- 
dients  of  which  genuine  mixed  spice  is  usually  formed. 
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The  AdulttratioTis  of  Mixed  Spice. 

Of  the  txoenty-dx  samples  of  mixed  spice  subjected  to  microscopic 
examination,  no  less  than  sixteen,  or  considerahly  more  than  one-half, 
■were  adulterated  ;  and  hence  it  is  seen  that,  of  all  the  spices,  mixed 
spice  is  the  most  liable  to  adidteration. 

The  substances  employed  were  wheat  Jlour  in  five  cases,  ground 
■nee  in  two,  sago  in  fom-,  potato  jlour  in  one,  and  vegetcible  substances 
undetermined  in  tkree  of  the  samples. 

The  Detection  of  the  Adulterations  of  Mixed  Sjiice. 

The  whole  of  the  adulterations  of  mixed  spice  are  discoverable  by 
means  of  the  microscope  :  the  characters  of  wheat  flour  are  described 
and  figiu-ed  at  pp.  287  and  289  ;  of  rice  at  pp.  306  and  308  •,  of  sago 
at  pp.  375  and  376 ;  and  of  potato  flour  at  p.  371. 

Fuller  details  respecting  the  adulteration  of  spices  vsdll  be  found  in 
the  author's  work  entitled  '  Food  and  its  Adidterations.' 

The  present  affords  an  additional  instance  of  what  we  have  so 
frequently  before  observed — namely,  that  the  higher  the  price  of  any 
article,  the  more  it  becomes  subject  to  adulteration. 

It  thus  again  appears  that  the  public  and  the  revenue  are  exten- 
sively defrauded  through  the  adulteration  of  the  majority  of  the  spices 
sold. 
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CHAPTER  XXXIV. 
CURRY  POWDER  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  starch  or  farina  or  any  vegetable  substance  added  for  the  sake  of  bulk 
I  and  weight  only  ;  or  added  mineral  matters,  including  those  employed  in  the 
I  coloration  of  the  Cayenne  used. 

!  Sevebal  ingredients  enter  into  the  composition  of  curry  powder, 
'  The  articles^'of  which  genuine  cmiy  powder  of  good  quality  ordinarily 
1  consists  are  tiu-nieric,  black  pepper,  coriander  seeds,  Cayenne,  fenu- 
!  oreek,  cardamoms,  cumin,  ginger,  allspice,  and  cloves.  Of  these, 
•  turmeric  forms  the  largest  proportion,  next  to  this  in  amount  are 
I  coriander  seeds  and  black  pepper ;  Cayenne,  cardamoms,  cumin,  and 
I  fenugreek  fonn  but  a  small  portion  of  the  article  ;  while  the  ginger, 
I  cloves,  and  allspice  are  in  many  cases  ouiitted. 

The  properties  and  sti-uctm-e  of  several  of  the  above  ingi-edients 
:  have  been  ah-eady  fuUy  described  and  illustrated,  as  tm-meric,_ black 

pepper,  Cayenne,  ginger,  cloves,  and  allspice ;  it  thus  only  remains  to 
;  give  a  description  of  the  other  ingredients  which  enter  into  the  com- 

position  of  curry  powder — namely,  coriander  seeds,  cardamoms,  fenu- 
;  greek,  and  cumin  seeds. 

Conander  Seeds. 

Coriander  {Coriandrum  sativum)  belongs  to  the  natural  family  Um- 
beUiferee ;  it  is  an  annual  plant  of  a  foot  or  a  foot  and  a  half  in  height ; 
it  is  cultivated  in  Essex,  and  although  not  really  indigenous,  is  fre- 
quently met  with  growing  wild  in  the  neighbom-hood  of  Ipswich  and 
some  parts  of  Essex. 

Coriander  seeds  yield  about  0-37  per  cent,  of  a  volatile  oil,  which 
is  obtained  by  distilling  the  bruised  fruit  with  water.  It  has  an  aro- 
matic taste,  in  its  dilute  state  smelling  like  orange  flowers,  but  when 
concentrated  having  the  odour  of  the  seeds.  Specific  gravity  0-859 
(Tromsdoi-ff)  or  0-871  at  14°  C.  (Kawalier).  It  dissolves  in  alcohol, 
ether,  and  oils,  both  fixed  and  volatile,  and  it  explodes  violently  with 
iodine.    Coriander  oil  is  a  mixtm-e  of  several  other  oils. 

The  fruit  or  seed  vessels  are  globular,  about  twice  the  size  of  white 
mustard  seeds,  and  of  a  light-brown  coloiu-.  Each  fruit  consists  of 
two  hemispherical  portions  termed  mericcirps,  each  of  which  is  a  seed; 
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each  niericarp  exhibits  on  its  outer  siu-face  five  primary  ridge's,  which 
are  depressed  and  wavy,  and  four  secondary  ridges,  which  are  more 
prominent  and  straight.  The  channels  are  without  receptacles  for  the 
essential  oil,  or,  as  they  are  technically  termed,  vittce ;  hut  near  the 
commissures  in  each  mericarp  there  is  a  small  vitta,  so  that  each  fruit 
is  provided  with  four  of  these  receptacles. 

The  epidermis  or  husk  is  thick  and  brittle  ;  when  examined  with  the 


Fig.  190. 

TnAssvERSE  Sf.ctiox  op  Mericatip  op  Coriandeh. 
(Magnified  "220  diameters.) 


a,  fibres  fonmng  the  task,  b,  the  loose  cells  which  unite  the  husk  to  the  seed, 
c'  the  layer  of  deeply-coloured  cells,  in  contact  with  the  seed,  d  d,  cells  com- 
posing the  seed  itself. 


microscope,  it  is  observed  to  consist  of  narrow  fibres,  which  cross  each 
other,  and  are  disposed  in  a  waved  manner.  It  is  united  to  the  seed 
by  means  of  loose  cellular  tissue,  the  cavities  of  the  cells  being  empty. 
On  the  removal  of  the  husk,  these  cells  are  torn  through,  some  re- 
maining attached  to  it,  and  the  rest  to  the  surface  of  the  seed.  After 
the  separation  of  the  husk,  the  seed  is  still  of  a  brown  colom-.  Beneath 
the  cells  above  described  succeeds  a  delicate  fibrous  membrane ;  and 
next  to  this  is  a  layer  of  deeply-coloured  cells,  which  merge  into  the 
cells  which  form  the  substance  of  the  seed ;  these  are  angular,  with 
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■well-defined  parietes,  their  cavities  enclosing  oil  in  a  molecular  con- 
dition.   The  matiu'e  seed  does  not  contain  starch  (fig-.  190). 

The  peculiar  structiu-e  of  the  husk  of  coriander  seeds  afi'ords  a 
means  by  which  their  presence  in  cmiy  powder  may  he  readily  de- 
termined. 

Cardamom  Seeds,  or  Graim  of  Paradise. 

The  seeds  of  cardamom  yield  by  distillation  a  volatile  aromatic  oil, 
having  a  very  pungent  taste.  Its  specific  gravity  is  0-945 ;  it  is  soluble 
in  ether,  alcohol,  and  oils,  also  in  acetic  acid  and  caustic  potash.  It 
forms  an  explosive  compound  with  iodine  and  it  inflames  when  treated 
■with  strong  nitric  acid.  The  seeds  of  Amomum  repens  yield  about 
4-9  per  cent,  of  this  oil.  Crystals  are  deposited  from  old  cardamom  oil, 
having  the  composition  of  camphine.  Oardamoms  likewise  contain  an 
acrid  resin  and  a  fixed  non-drying  oil. 

The  seed  vessels  or  pods  of  cardamom  are  of  a  triang-ular  form, 
.  and  consist  of  three  valves,  tapering  at  either  extremity  to  a  blunt 
point ;  the  membrane  forming  them  is  thick,  tough,  and  fibrous,  and 
is  made  up  of  cellular  tissue  and  bundles  of  woody  fibre,  which  spread 
out  from  the  flower-stalk,  and  are  visible  on  the  sm'face  to  the  naked 
eye,  imparting  the  striated  appearance  characteristic  of  the  seed  vessel 
of  cardamom. 

From  its  interior,  the  seed  vessel  sends  off  three  prolongations  or 
septa,  which  divide  it  into  as  many  compartments ;  each  of  these  con- 
tains several  hard  seeds  of  a  reddish-bro-wn  coloiu-  and  exhibiting 
upon  the  surface  peculiar  markings.  The  seeds  are  united  together  by 
a  gelatinous  parenchymatous  substance,  which,  imder  the  microscope, 
is  seen  to  consist  of  numerous  delicate  tubules,  filled  with  granular 
and  oily  matter. 

The  covering  of  the  seed,  examined  "with  the  microscope,  and 
viewed  on  its  outer  sm-face,  is  observed  to  consist  of  a  single  layer  of 
coloured  cells,  much  elongated,  and  of  uniform  diameter,  terminating 
in  rounded  extremities,  the  cells  being  accurately  adapted  to  each 
other.  Beneath  these  are  other  cells,  which  bear  a  general  resem- 
blance in  form  to  those  previously  described,  but  difier  in  being  more 
irregular,  much  more  delicate,  and  in  the  absence  of  colour;  they  are  dis- 
posed in  an  opposite  direction  to  those  of  the  outer  layer  (fig.  191,  A). 

In  transverse  sections,  the  elongated  coloured  cells  appear  as  small 
canals,  of  a  roimded  form. 

Lying  beneath  the  coating,  and  forming  part  of  the  seed,  is  a  single 
row  of  large  cells,  resembling  receptacles.  Next  in  order  from  -without 
inwards  is  a  layer  of  small  cells,  deeply  colom-ed.  Next  to  these  suc- 
ceed the  cells  which  constitute  the  principal  part  of  the  seed ;  these 
for  the  most  part  resemble  closely  the  cells  of  pepper,  being  very  an- 
gular, but  they  differ  in  their  more  delicate  and  transparent  appear- 
ance, and  in  being  minutely  dotted  (fig.  191,  B). 

Dr.  Pereira,  in  his  '  Materia  Medica,'  quotes  the  statement  made 
by  Schleiden,  that  he  has  discovered  in  the  cells  of  cardamom  '  amor- 
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phous,  paste-like  starch.'  We  find  tlie  cells  to  Tdo  completely  filled 
with  minute,  distinctly-formed  starch  granules,  resembling  closely 
those  of  rice.    Prohahly  the  statement  of  M.  Schleiden  arose  from  his 


Fig.  191. 

OuTEn  Mehbhaxe  and  Tbansveuse  Section-  of  a  Cardamom  Seed. 
(Magnified  220  diameters.) 


A  Portion  of  outer  membrane,  exhibiting  tlie  elongated  ceUa  of  wliicb  it  is  com- 
posed B  Transverse  section  of  seed,  a  a,  cells  forniiug  outer  membrane. 
h  b  receptacle-like  cells,  c,  layer  of  coloured  cells,  d  J,  transparent  and 
minutely-dotted  ceUs,  of  which  tbe  substance  of  the  seed  itself  is  maJe  up, 
and  which  are  filled  with  starch  corpuscles. 

having  employed  hut  a  feehle  magnifying  power  in  the  examination  of 

the  seeds.  i     •         i.  „j;i„ 

The  presence  of  cardamom  seeds  m  curry  powder  is  most  reaclilj 
determined  by  means  of  the  dotted  and  angular  cells  which  form  the 
substance  of  the  seeds. 
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Cumin  Seeds. 

Tlie  cuiuiu  plant  (Ctiminum  cyminum)  belongs,  like  coriander,  to 
the  natiu-al  order  Umbelliferee  ;  it  is  a  native  of  Upper  Egypt,  but  is 


Fig.  192. 

TRASSVEnSE  SECTnOJI  OF  MEniCARP  OF  CUMIlf. 

(Magnified  220  dlametera.) 


a  a,  cells  forming  the  husk.  6  b,  commencement  of  two  hairs  or  prickles,  e, 
receptacle  or  vitta.  d  d,  elongated  cells  which  compose  the  innermost  layer 
of  husk,  c  c,  cells  and  fibres  of  which  the  external  surface  of  the  saed  is 
formed.  //,  cells  of  the  seed  itself,  containing  oil. 

extensively  cultivated  in  Sicily  and  Malta.    It  yields  a  volatile  oil, 

a  Q 
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oMaiued  hj  extraction  with  absolute  alcohol  and  precipitation  by 
water.    It  is  said  to  be  a  mixture  of  Cmiinol  and  Cymine. 

Cumin  seeds  resemble  somewhat  caraway  seeds,  but  they  are  larger, 
straighter,  and  of  a  lighter  colour.  The  fruit  is  double,  like  that  of 
coriander  and  all  other  imibelliferous  plants,  consLstinjj;'  of  two  seeds 
or  mericarps ;  each  mericarp  has  live  jvimary  ridges,  which  are  filiform, 
and  four  secondary  ridges,  which  are  prominent ;  but  both  are  fur- 
nished with  very  line  hairs  or  prickles,  and  under  each  secondary  ridge 
is  a  receptacle  or  vitta. 

Transverse  sections  of  a  cumin  seed  exhibit  the  following  strac- 

ture : — 

The  hairs  or  prickles  are  composed  of  cells,  the  long  diameters  of 
which  are  an-auged  in  the  long  axes  of  the  hairs.  The  husk  or  cover- 
ino-  of  the  seed  is  made  up  of  numerous  rounded  or  angular  cells,  in 
the  midst  of  which  the  large  and  triangidar  vittse  are  situated ;  and 
between  the  husk  and  seed  itself,  there  is  usually  a  small  space,  which 
is  formed  by  the  contraction  of  the  seed  after  it  has  arrived  at  ma- 
turity. The  surface  of  the  seed  is  of  a  pale-brown  colom-,  and  its  in- 
terior whitish  and  transparent.  The  exterior  portion  of  the  seed  is 
constituted  of  elongated  and  flattened  cells  of  a  brownish  colour,  while 
the  interior  and  chief  substance  of  the  seed  itself  is  composed  of  nu- 
merous distinct  angular  cells,  the  walls  of  which  are  thick  and  perfectly 
transparent;  their  ^contents  consist  principally  of  oil.  The  seeds  do 
not  contain  starch  (fig.  192). 

Cumin  seeds  possess  a  very  peculiar  medicinal  taste  and  smell ; 
and  it  is  to  these  that  curry  powder  owes  the  greater  part  of  its  charac- 
teristic flavour  and  odour. 


Fenugreeh  Seeds. 

The  sti-ucture  of  fenugreek  seeds  is  very  characteristic.  The 
husk  of  the  seed  consists  of  three  membranes  ;  the  outer  is  fonned 
of  a  sino-le  layer  of  cells,  which  bear  a  remarkable  resemblance  in 
shape  to  a  short-necked  bottle ;  the  long  diameter  of  these  cells  is 
disposed  vertically,  the  narrow,  neck-like  part  being  most  external, 
and  formino-  the  other  surface  of  the  membrane.  The  second  membrane 
consists  of  ""a  single  layer  of  ceUs,  two  or  three  times  larger  than  the 
former,  verv  much  flattened,  and  having  their  margins  regularly  and 
beautifullv  crenate.  The  third  and  innermost  membrane  is  made  up 
of  several  layers  of  large  transparent  ceUs  filled  with  mucilage  ;  these 
cells  expand  greatly  when  immersed  in  water  (fig.  193). 

The  seed  itself  consist  of  two  lobes,  which  are  made  up  of  numerous 
minute  cells  ;  those  in  the  upper  part  of  each  lobe  are  ot  a  rounded  or 
ano-ular  form,  while  those  situated  near  the  innermost  part  become 
much  elongated,  the  long  axes  of  the  cells  being  placed  transyerselv 
in  each  lobe.  The  entire  seed  is  covered  by  a  single  layer  ot  small 
angular  cells  ffig.  194). 
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Pig.  193. 

Outer  Coat  on  Testa  of  a  PExuanEEK  Seed. 
(Magnified  220  diameters.) 


^.  Portion  of  the  outer  and  second  membrane  stripped  off ;  a  a,  peculiar  bot- 
tle-like cells  ;  b  b,  crenated  cells  of  second  membrane.  B.  Transverse  section 
of  huslc  of  seed  ;  ^  c,  bottle-like  cells  ;  d,  position  of  crenated  cells  ;e  «,  layer 
^  coloured  cells  merging  mto,//,  the  large  cells  which  form  the  innermost 
membrane,  filled  with  mucilage. 

ft  Q  2 
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Fig.  194. 

Transverse  Section  op  Lobe  of  Fenugreek  Seed, 
(Magnified  220  diameters.) 


lobe. 

THE  ADTTLTBEATIONS  OF  CURET  POWDEB. 

In  Tarious  works  wHcli  we  have  consulted  we  do  not  meet  wi^' 
p  sinJlI  reiDark  relatin-  to  tlie  adulteration  of  curij  powder.  Like 
Lany  of  tlToth  r  articles  of  wMcli  we  have  treated  this  appears  to 
W  been  neglected  by  writers  on  the  adulteration  of  food. 

Remits  oftheExammation  of  Samples. 

My-six  samples  of  this  article  were  subjected  to  analysis ;  of 
these  nearly  fow-ffihs  ivere  adulterated. 

It  appeared — 
That  seven  only  were  genuine. 
That  nineteen  were  adulterated. 
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That  (/round  rice,  usually  in  very  large  quantities,  was  present  in 

nine  samples. 
That  potato  farina  was  detected  in  one  sample. 
That  salt  was  present  in  eiffht  of  the  samples. 

That  the  highly  poisonous  metallic  oxide,  eed  lead,  was  detected  in 

no  less  than  eiqht  of  the  samples. 
That  in  seven  of  the  samples,  the  adidteration  consisted  of  {/round  rice 

That  in  one  sample,  the  adulteration  consisted  oi ground  rice  and  salt. 
That  in  one  sample,  the  adulteration  consisted  of  ground  rice  and  RED 

LEAD. 

That  in  three  samples,  the  adniixtm-e  consisted  of  salt  only. 
That  in  three  samples,  the  adulteration  consisted  of  salt  and  red  lead. 
That  in  three  samples,  the  adulteration  consisted  of  bed  lead  only. 
That  ia  mie  sample,  the  adulterations  consisted  of  RED  lead,  potato 
farina  and  salt. 

The  ahove  residts  do  not  give  the  whole  of  the  adulterations  to 
which  the  samples  of  ciu-ry  powder  had  heeu  subjected,  since  they  do 
not  include  the  ferruginous  earths,  which  were  shown,  in  our  article 
on  '  Cayenne,'  to  he  so  frequently  employed  to  impart  colom-  to  that 
;  suhstance. 

We  have  thus  shown  that  curry  powder  was  adidterated  nearly  to 
the  same  extent  as  Cayenne,  and  with  ingredients  equally  pernicious. 
Since  the  quantity  of  ciu'i-y  powder  eaten  at  a  meal  is  so  considerahle, 
its  adulteration  with  red  lead  is  even  more  prejudicial  and  dangerous 
than  in  the  case  of  Cayenne.  Not  long  since  we  received  a  parcel  of 
cuny  powder  from  a  sm'geon,  accompanied  by  the  statement  that  the 
person  who  iiad  partaken  of  it  had  been  made  very  ill  by  it.  We  found 
it,  on  analysis,  to  contain  a  large  quantity  of  lead. 

The  lead  in  curry  powder  is,  no  doubt,  generally  introduced 
thi'ough  the  adidterated  Cayenne  employed  in  its  manufacture.  It  is 
possible,  however,  that  chromate  of  lead  may  here,  as  in  some  other 
cases,  be  used  to  intensify  and  render  more  permanent  the  colom-  of 
the  powder. 

The  whole  of  the  ingredients  required  for  making  cm-ry  powder 
may  be  obtained  of  most  seedsmen. 

With  a  common  pestle  and  mortar  the  seeds  may  be  reduced  to 
powder,  and  thus  the  housekeeper  may  herself  prepare  genuine  cimy 
powder,  of  the  best  quality,  at  a  cost  of  about  2d.  per  ounce.  _  Since 
ciury  powder  is  retailed  at  Gd.,  8d.,  and  even  Is.  an  ounce, _  it  evi- 
dently bears  an  enormous  profit.  What,  then,  must  be  the  gain  upon 
the  sale  of  an  article  which  is  made  up  principally  of  turmeric  powder, 
salt,  ground  rice,  and  inferior  capsicum  berries  ?  and  of  such  a  mix- 
ture many  of  the  curry  powders  purchased  at  the  shops  ahnost  entirely 
consist. 
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The  Detection  of  the  Adulterations  of  Curry  Foicder. 

The  adulterations  of  ciu-ry  powder,  with  the  exception  of  potato 
farina  or  starch,  met  with  in  one  sample,  heing  the  same  as  those  of 
Cayenne,  the  methods  for  their  discovery  are  also  the  same;  the  reader 
is  therefore  refen-ed  to  the  article  on  '  Cayenne.' 

The  presence  of  potato  starch  is  detected  hy  means  of  the  micro- 
scope ;  the  characters  of  its  granules  are  described  under  the  head  of 
'  Arrowroot.' 
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CHAPTER  XXXV. 
TURMERIC  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTEliATION. 

Any  added  vegetable  or  mineral  substance. 

Tttrjiekic  powder  consists  of  the  ground  tubers  of  a  plant  belonging 
to  the  same  genus  as  ginger,  \iz.  Curcuma  longa,  and  which  is  exten- 
sively cultivated  in  India  and  China. 

Composition  of  Turmeric. 
The  composition  of  tiu-meric  is  shown  in  the  following  analysis  : — 

John's  analysis. 


Yellow  volatile  oil   1 

Curcumin  .       .       .       .       .       .       .  10  to  11 

YsUow  extractive   11  to  12 

Gum   14 

Woody  fibre   57 

Water  and  loss   7  to  5 


100 

Vogel  and  Pelletier's  analysis. 

Acrid  oil.  Starch. 

Curcumin.  Woody  fibre. 

Brown  colouring  matter.  Chloride  of  calcium. 

Gum  (a  little).  Turmeric. 

To  extract  curcumin,  the  pulverised  root  is  boiled  with  water,  the 
residue  treated  with  boiling  alcohol ;  the  alcoholic  solution  is  filtered, 
evaporated,  the  residue  digested  with  ether,  and  the  ethereal  solution 
in  its  turn  evaporated,  when  the  ciu'cumin  is  obtained,  together  with  a 
little  essential  oil. 

It  is  heavier  than  water,  in  which  it  is  insoluble,  but  dissolves 
readily  in  alcohol,  ether,  and  in  fixed  and  volatile  oils.  It  melts  at 
40°  C. 

The  alcoholic  solution  of  turmeric  is  characterised  by  its  beautiful 
green  fluorescence  ;  the  spectrum  of  the  solution  not  exhibiting  any 
peculiar  dark  or  bright  bands.  The  fluorescence  is  best  seen  by 
placing  the  solution  of  turmeric  in  alcohol  or  benzol  in  a  small  beaker 
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and  concentrcating  the  rays  of  the  sun  in  the  solution  by  means  of  a 
"burning-glass,  when  the  illuminated  cone  thus  produced  -will  appear 
hright  green. 

Structure  of  Turmeric. 
The  structure  of  the  tviher  of  turmeric  is  well  exhibited  in  the  an- 
nexed figures. 

Fig.  195. 
Sectiok  of  Tuber  op  TomrERic. 


 .  A  7,  triTicnfirent  cells  :  c  c,  yellow  masses ;  d  (/,  oil  globules ; 

"  mtsses  ■ /.IXa  duct g,  elo^^gated  cells  of  woody  fibre,  ly^g 

by' the  side  of  the  duct. 
Turmeric  powder  consists  of  large  cells;  some  of  these  are  loosely 
imheddSl  in  a  reticular  tissue,  hut  others,  and  these  the  majonty,  aie 
quiteTee    they  may  be  recognised  ^ith  facility,  under  the  microscope, 
by  their  size  and  bright  yeUow  colour  (fig.  195). 

^  men  crushed,  each  cell  is  found  to  contain  cobiiring  mat  er  a. 
well  as  a  number  of  starch  gTanules,  resembling  closely  those  of  Cui 
cuma  arrowroot,  already  described  and  figured  (hg.  Ub). 
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On  the  application  of  iodine  the  cells  become  of  a  deep  blue,  and 
with  potash,  of  a  reddish  colour. 

THE  ADULTERATIONS  OT?  TUBMEEIC. 

Of  fourteen  samples  of  turmeiic  powder  subjected  to  examination, 
two  were  adulterated  with  yelloiu  ochre,  to  the  extent  of  nearly  20 


Fig.  196. 


■  This  engraving  represents  the  appearance  and  characters  of  genuine  ground 
TCRITERIC.  Drawn  with  the  Camera  Lucida,  and  magnified  220  diameters.  - 

per  cent.,  while  nearly  all  the  other  specimens  contained  considerable 
quantities  of  alkali,  carbonate  of  soda  or  potash,  added  no  doubt  to 
heighten  the  colour  of  the  powder. 

Inasmuch  as  tm-meric  enters  so  largely  into  the  composition  of  curry 
powder,  mustard,  and  some  other  condiments,  it  became  necessary  to 
ascertain  whether  it  was  liable  or  not  to  sophistication. 

The  Detection  of  the  Adulteo-ations  of  Turmeric. 

Yellow  ochre  consists  of  oxide  of  iron  diluted  with  chalk  ;  the  ash 
'  if  turmeric  powder  must  therefore  be  tested  in  the  manner  already 
(jlsewhere  directed  for  the  detection  of  those  two  substances.  The 
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presence  of  tlie  ochre  is  in  general  sufficiently  indicated  by  the  colour 
and  weig'ht  of  the  ash. 

Should  the  ash,  say,  of  10  grammes  of  the  turmeric  contain  alkali, 
as  carbonate  of  soda  or  potash,  we  must  proceed  as  follows  :  the  alkali 
must  be  dissolved  out  of  the  ash  by  means  of  distiUed  water.  The 
solution  is  coloured  blue  by  means  of  a  drop  of  tincture  of  litmus,  and 
the  amount  of  alkalinity  is  ascertained  by  the  addition  from  a  graduated 
burette  of  a  standard  solution  of  sulphuric  acid,  the  change  in  the 
colom'  of  the  litmus  indicating  the  end  of  the  reaction. 

For  the  determination  and  estimation  of  potash  and  soda  the  pro- 
cesses will  be  found  given  in  the  article  on  '  Tea.' 

It  is  always  well  to  test,  before  commencing  the  analysis,  the  re- 
action of  the  watery  solution  of  the  ash,  as,  unless  this  is  decidedly 
alkaline,  it  does  not  contain  alkali,  and  again  it  is  proper  also  to  test 
the  aah,  to  ascertain  whether  salt  has  been  used,  and  which  is  some- 
times employed  to  heighten  the  colour  of  vegetable  powders.  Very 
generally  the  presence  of  alkali  in  the  ash  of  tm-meric  powder  is  suffi- 
ciently indicated  by  the  greenish  colom-,  more  or  less  intense,  exhibited 
by  it  when  first  removed  from  the  fire. 
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CHAPTER  XXX^^I. 
LIQUORICE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added,  substance,  vegetable  or  mineral. 

LiQUOEiCE  is  au  article  largely  consumed,  and  it  furnishes  an  illustra- 
tion of  a  system  of  adulteration  which,  extends  to  a  variety  of  other 
drugs  and  pharmaceutical  preparations. 

Liquorice  is  met  with  under  various  forms  and  names ;  thus,  there 
is  stick  liquorice,  the  poioder,  the  Pharmacoposial  extract,  the  foreign 
extract,  pipe  liquorice,  and  Fontefract  lozenr/es. 

Stick  liquorice  consists  of  the  imdergroimd  stem  or  rhizome  of  a 
plant  belonging  to  the  genus  Glycyrrhiza,  usually  in  this  country,  Gly- 
cyrrhiza  glabra ;  the  powder  is  the  root  ground  and  pulverised,  while 
the  other  preparations  named  consist  of  the  extract ;  this,  in  the  case 
of  pipe  liquorice  and  Pontefract  lozenges,  is  said  to  be  refined. 

The  foreign  extract,  known  as  Solazzi  extract  or  juice,  is  considered 
the  best ;  and,  accordingly  as  it  is  prepared  in  Spainor  Italy,  it  is  called 
Spanish_  or  Italian  juice.  We  learn  from  Pereira  that  the  Spanish 
extract  is  prepared  in  Catalonia  fi-om  Glycyrrhiza  glabra,  while  the 
Italian  extract  is  obtained  in  Calabria,  fi'om  G.  echinata.  Of  late  years 
the  liquorice  plant  has  been  extensively  cultivated  in  this  coimtry  for 
medicinal  use,  especially  at  IVIitcham,  where  so  many  difierent  lands 
of  medicinal  plants  are  grown. 

The  constituents  of  the  root  of  Glycyrrhiza  glabra,  according  to  the 
analysis  of  Eobiquet,  are  liquorice  sugar  or  glycyrrhizin,  starch, 
asparagin,  resinous  oil,  albuvien,  woody  Jibre,  and  salts,  especially  ^jAos- 
phate  mi  nitrate  of  lime  and  magnesia.  The  quantities  of  these  several 
constituents  are  not  given  by  Eobiquet,  nor  does  he  mention  gum.  or 
oxalate  of  lime  as  constituents,  although  these  abound  in  the  iuice  of 
the  root. 

_  As,  before  entering  upon  the  consideration  of  the  chemical  adidtera- 
tions  of  any  article,  it  is  necessary  that  we  should  be  acquainted  with  the 
proportions  of  the  principal  ingredients  of  which  that  article  is  com- 
posed, we  instituted  in  the  fhst  place  certain  analyses  of  the  root  the 
poicder,  and  the  e.vtract. 

The  following  is  the  composition  of  100  parts  of  the  fresh  root :— 
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The  Fresh  Root. 


8-60 

26-60 
•75 
•97 


Glycyrrhizin  

Gum  

Matter  soluble  in  alcohol,  chiefly  resin 

Albumen  

Starch  22  Jl 

Woodv  fibre  1°  3t> 

Moisture  26^81 

Ash,  3^07  per  cent.  ^^^^^      _  — 

The  analysis  of  100  parts  of  the  undecorticated  powder  furnished  the 
following  results  : — 

The  Powder. 


Glycyrrhizin  

Gum   • 

Matter  soluble  in  alcohol,  chii^fly  resm  . 
Albumen 


10-40 
43^30 
1-09 
1-50 

4-10 
100-00 


VVoody  fibre 
Moisture 


Total 


The  analysis  of  the  decorticated  powder  furnished  nearly  similar 
results : — 

The  Decori 


ticated  Powder. 


Glycyrrhizin 
Gum 
Eesin  . 
Albumen 
Starch  . 
Woody  fibre 
Moisture 


13'00 
37-10 
-80 

1-80 
29-52 
16-58 

1-20 

100-00 


Five  hundred  parts  of  the  fresh  root  fiu-nished  175  parts  of  extract ; 
while  the  same  quantity  of  the  powder  of  the  dried  root  gave  parts 
of  exti-act.  Lastly,  100  parts  of  this  extract,  dried  at  a  temperatui-e  of 
100°  C,  yielded  19-3  parts  of  liquonce  sugar,  and  80-3  parts  ot 
matter  iksoluhle  in  alcohol,  and  which  consisted  chiefly  of  gum  with  a 

When^^e  and  genuine,  extract  of  liquorice  is  entirely  soluhle  in 

'^''I's  wiU  be  shortly  apparent,  the  above  analyses  f^-nish  some  iiseful 
datatby  which  the  quality  of  the  different  kinds  of  hquorice  may  be 

'^"^^^Gluairrhizin  may  be  thus  obtained.   The  filtered  and  concentrated 
aqueoSnfusion  of  the  root  is  treated  with  dilute  sulphuric  acid 
ThS  occasions  a  dark  brown  precipitate,  which  is  washed  with  water 
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until  it  is  quite  free  from  sulphuric  acid.  It  is  then  dissolved 
repeatedly  in  alcohol  of  specific  gravity  0-844.  Small  quantities  of 
ether  are  now  added  to  the  not  too  concentrated  solution  as  long  as  a 
dark-coloured  resinous  substance  is  precipitated.  The  filtrate  on  eva- 
poration deposits  the  glycyrrhizin. 

It  is  a  yellow,  amorphous,  non-fermentahle  substance,  possessing  a 
sweet  taste";  sparingly  soluble  in  cold,  but  easily  soluble  in  hot  water, 
soluble  in  cold  alcohol  and  in  warm  ether.  It  is  also  soluble  in 
alkalies,  and  is  precipitated  fi'om  these  solutions  by  acids,  in  an  excess 
of  which  it  is,  however,  partially  dissolved. 

By  boiling  with  dilute  sulphuric  and  other  acids  it  is  decomposed, 
glycyrrhetin  and  glucose  being  formed. 

its  solution  is  precipitated  by  chloride  of  barium,  sulphate  of  mag- 
nesia, sulphate  of  copper,  and  basic  acetate  of  lead. 

Asparagm  may  be  obtained  from  liquorice  root  as  follows  : — The 
root,  after  being  cut  into  pieces,  is  exhausted  with  water.  The  solution 
is  boiled,  mixed  with  acetic  acid  to  separate  the  glycyrrhizin,  and  then 
with  acetate  of  lead,  malate  and  phosphate  of  lead  being  thrown  down, 
together  with  coloiu-ing  matter.  The  excess  of  lead  is  removed  by 
sixlphuretted  hydrogen,  the  filtered  liquid  evaporated  to  a  small  bulk, 
when,  after  a  few  days,  crystals  of  asparagin  will  become  deposited. 


STRXrCTimE  OP  LIQTJOEICE. 

The  general  structure  of  liquorice  root  is  very  distinctive ;  the 
elements  of  which  it  consists  are  bundle's  of  ^uoody  Jibre,  cellular  tissue, 
dotted  ducts  or  vessels,  and  starch  corpuscles.  These  elements  are  thus 
arranged : — 

In  transverse  sections  of  the  root,  a  linear  zone  is  observed, 
usually  distant  from  the  circumference  about  the  thu-d  of  the  thick- 
ness of  the  root.  The  part  of  the  root  loithout  the  zone  is  ti-aversed 
by  bxmdles  of  woody  fibre,  imited  together  by  cellular  tissue ;  that 
within  the  zone  is  ti'aversed  by  mmierous  dotted  ducts  or  vessels 
as  well  as  by  bundles  of  woody  fibre ;  while  the  cells  of  the  cellular 
tissue,  which  forms  the  basis  of  the  root,  are  filled  with  starch 
corpuscles  (figs.  197,  198  and  199). 

These  starch  corpuscles  are  very  characteristic :  they  are  oval  and 
small,  and  in  many  of  them  the  central  cavity  of  an  elongated  form  is 
visible  (fig.  199). 

The  xvoody  fibre  does  not  present  anything  remarkable  in  its 
structure ;  the  central  cavity  is  well  marked.  In  sections  of  the 
older  roots  medullary  rays  may  be  seen.  The  several  structural 
peculiarities  of  liquorice  root  are  aU  clearly  exhibited  in  the  drawino-s 
above  referred  to.  ° 

The  yellow  colouring  matter  of  the  root  is  situated  almost  entirely 
in  the  bundles  of  woody  fibre,  and  in  the  walls  of  the  dotted  ducts. 
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THE  ADULTERATIONS  OF  IIQtrOEICB. 

Having  thus  described  tlie  chemical  composition  and  the  structure 
of  liquorice  root,  the  subject  of  the  adulteration  of  liquorice  may  next 
he  considered. 

Fig.  198. 


On  consulting  the  works  of  different  writers  on  adulteration,  we 
::have  met  with  the  following  observations  relating  to  liquorice : — 

Accum.  states  that  Spanish  liquorice  'is  frequently  nothing  else 
■  than  a  mixture  of  the  worst  kind  of  r/um  arabic,  called  Indian  or 
.  Barhary  gum.,  imported  chiefly  for  mailing  shoe  blacking.    A  solution 
of  the  genuine  Spanish  liquorice  juice  is  mixed  with  a  solution  of 
Barhary  gum ;  and  the  mixture,  after  being  inspissated  to  a  proper 
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consistence,  is  again  made  up  into  cylindrical  rolls,  which,  -whilst  still 
moist,  are  covered  with  bay  leaves,  and  repacked  in  chests  to  resemble 
in  every  respect  the  gemdne  Spanish  liquorice  juice  imported  from 
Catalonia.' 

Fig.  199. 


Transverse  section  of  Liquorice  Boot,  magnified  220  diameters,  e-xhibiting  dolled 
ducts,  two  bundles  of  woody  fibre,  the  cellular  tissue,  and  the  starch  corpuscles. 
The  loose  starch  grains  ai-e  magnified  400  diameters. 

Brande,  in  his  'Dictionary  of  Materia  Medica  and  Pharmacy,' 
published  in  1836,  remarks  as  follows  : — 

'The  chief  consumption  of  liquorice  is  in  the  preparation  of  the 
extrd-ct,  which  is  imported  from  the  South  of  Europe  under  the  name 
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of  Spanish  juice  ;  it  is  usually  burned  and  otherwise  carelessly  pre- 
.  pared  and  adidterated,  and  often  contains  copper,  derived  from  the  pans 
'  in  which  the  decoction  of  the  root  is  evaporated.' 

AI.  Chevalier  states  that '  liquorice  is  often  falsified  by  starch  and 
1  a  large  proportion  of  inert  powders.  It  has  also  been  falsified  by  an 
e  extract  which  gives  it  the  taste  of  hay.  .    i,  n 

'  It  contains  likewise  metallic  copper,  renwved  mechanically  from 
the  pans  of  that  metal  in  which  it  is  prepared.  But  it  does  not 
contain  salts  of  copper,  a  conclusion  which  results  from  many  experi- 
ments made  by  M.  Villain.' 

'  LiquoriceV  wi-ites  Pereira,  '  as  met  with  in  commerce,  however, 

■  is  rarely  piu-e.  It  contains  the  soluble  principles  of  the  root  with 
J  some  copper  scraped  off  the  boiler  by  the  spatula  employed  to  stir  the 

■  extract  dm-ing  its  preparation.  Fee  says  that  four  ounces  of  this 
-  extract  yield  two  drachms  and  a  half  of  metallic  copper ;  but  there 
imust  be' some  great  mistake  in  this  statement.  If  the  foreign  extract 
1  be  dissolved  in  water,  and  the  solution  filtered  and  inspissated,  we 
.obtain  rejined  liquorice.  But  I  am  informed  that  the  ^Jj)je  refined 
i  liquorice  is  a  very  adulterated  article.  The  Pontefract  lozenges  are 
1  made  of  refined  liquorice,  and  are  much  esteemed.' 

Results  of  the  Examination  of  Samples. 

We  wiU  now  proceed  to  state  the  results  of  our  own  examinations 
.  and  analyses  of  liquorice,  premising  that  genuine  extract  of  liquorice 
r  should  dissolve  in  water  without  leaving  any  residue,  and  therefore 

■  ought  not  to  contain  starch  ;  that  it  should  yield  from  about  90 
;  to  "nearly  100  parts  of  extractive  matter,  according  to  the  state  of 
i  drj-ness  "in  which  it  may  happen  to  be  at  the  time  of  analysis  ;  this 
t  extractive  matter  should  fm-nish  fi-om  76  to  86  per  cent,  of  matter 
i  insoluble  in  alcohol,  chiefly  gmn ;  and  from  10  to  15  per  cent,  of 
:  saccharine  matter  or  liquorice  sugar. 

The  analyses  of  thirty-four  samples  of  liquorice,  including  the 
( difierent  varieties  of  roll  and  ^Ji}je  liquorice,  and  Pontefract  lozenges, 
I  carefully  considered,  furnish  some  important  results. 

Thus  it  appears  that  the  gum  of  the  difierent  kinds  of  roll 
:  liquorice  varied  from  65'5  to  33'5  grains  per  cent. ;  of  the  saccharine 

■  matter  from  14-9  to  8-9  per  cent.,  part  of  this  in  some  cases  consisting 
.  of  cane  sugar ;  of  the  extractive  from  76-9  to  47-1  per  cent. 

Of  the  pipe  liquorice,  that  the  gum  varied  from  22-7  to  4o-9  per 
I  cent. ;  the  sugar  from  19-6  to  ll'O,  the  greater  part  of  this  consisting 
of  cane  sugar ;  and  the  extractive  from  57'1  to  43-7  per  cent. 

Of  the' Pontefract  lozenges  the  gum  ranged  from  31-6  to  25-7  ;  the 
.  mgar,  partly  cane  sugar,  from  18-i  to  13'1 ;  and  the  extractive  from 
45'9  to  43-8  per  cent. 

It  further  appears  from  the  analyses  that  the  whole  of  the  roll 
liquorice  furnished  insoluble  residues,  varying  iu  amount  from  18-50 
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to  42-00  per  cent.  In  twelve  cases  these  residues  consisted  of  boiled 
starch,  probaUv  rice  (the  starch  present  in  the  different  samples  of 
Solazzi  and  Baracco  extract  was  always  of  this  land);  m  seven 
samples  of  wheat  Jlour,  in  one  of  potato  starch,  and  in  one  of  ivheat 

"^""ihat  the  pipe  liquorices  likewise  fm-nished  insoluble  residues,  for 
the  most  part,  in  still  larger  amounts  than  the  roll  liquorice  ;  thus  the 
smallest  residue  weighed,  after  being  dried  on  a  water-bath,  .34-5  and 
the  laro-est  41 '0  per  cent.  In  five  cases  this  consisted  of  wheat 
flour  in  one  of  rye  Jlour,  and  in  one  of  potato,  rice,  and  loheat  flours. 
In  five  cases  a  small  part  of  this  residue  consisted  of  gelatin,  the 
pipes  beino-  furnished  with  a  distinct  tube  of  that  substance. 

Lastly°that  the  Pontefract  lozenges  furnished  residues  consisting  of 
wheat  flour  (subject  to  the  action  of  heat),  which  varied  in  amount  ^ 
from  36-5  to  39-0  per  cent.  ,    .    ,.       .        ,  t, 

The  (tsh  of  the  different  samples  of  roll  and  pipe  liquonce  and  i  on- 
tefract  lozenges  varied  from  2-50  to  16  per  cent.,  and  consisted  m 
several  cases  of  foreign  mineral  matter ;  this  in  one  instance  amounted 
to  13  per  cent.,  and  was  composed  of  carbonate  of  lime,  or  chalk.  The 
ashes  of  the  pipe  liquorices  in  tv?o  or  three  cases  were  so  deeply 
coloured  as  to  lead  to  the  suspicion  that  some  colom-ed  mineral  earthy 
sub=^tance  had  been  employed  to  increase  their  weight.  _ 

It  is  thus  evident  that'the  different  kinds  of  roll,  pipe  liquorice,  and 
Pontefract  lozenges  are  subject  to  very  extensive  adulteration,  this  in 
«ome  instances  amounting  to  nearly  one-half  the  article. 

As  a  rule,  the  pipe  liquorice  and  Pontefract  lozenges  contain  a  larger 
amount  of  foreign  starchy  matter  than  even  the  inferior  descriptions  ot 
roll  liquorice.  Many  of 'the  pipe  liquorices  are  in  addition  fm-mshed 
with  a  thick  coating  of  gelatin;  this  is  sometimes  of  the  woret  qua- 
lity and  but  little  superior  to  glue.  The  best  way  to  exhibit  the  tube 
ofWatin  encasing  the  pipes  is  to  place  them  m  cold  water ;  the  pipes 
wiU  swell  up  and  increase  to  two  or  three  times  their  oiiginal  size ; 
when  in  this  state,  the  gelatin  may  be  easily  removed. 

The  ino-redients  employed  in  the  adulteration  of  the  descripUons  ot 
liquorice  above  referred  to  consist,  then,  of  starch  of  various  fands,  as 
ichent,  barley,  rye,  rice  flours,  and  potato  starch,  either  separately  or  m 
combination;  cane  sugar,  gelatin,  mi  M-eign  mineral  matter,  as  car- 

^''^Alth^uX" not  immediately  connected  yvith  the  object  of  this  article, 
we  vet,  when  engaged  in  the  analysis  of  liquorices,  thought  it  desirable 
todeteUne  how 'frequently  and  to  what  ft^nt  the  samples  were 
contaminated  with  copper.  We  detected  that  metal  m  thirteen  of  the 
twenty-one  roll  liquorices  examined,  in  gi-eater  or  lesser  amount  the 
quantities  in  three  of  the  samples  were  for  the  100  parts  8,  -5,J0 
of  a  o-rain.  Traces  of  copper  were  found  in  only  one  of  the  pipe  liquo- 
rices'! and  in  none  of  the  Pontefract  lozenges.  +i,p 
We  will  now  pass  on  to  state  the  results  of  the  examination  of  the 
extract  of  liquorice  of  the  Pharmacopwia. 
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Ten  smnples  of  extract  of  liquorice  were  examined  ;  four  of  these 
dissolved  nearly  without  residue,  aud  were  genuine  ;  the  remainder  of 
the  samples  deposited  insoluble  residues  amounting  to  3,  13,  17,  9,  7^ 
18-5  and  33  per  cent,  respectively.  In  four  cases  they  consisted  of 
boiled  starchy  matter,  and  in  one  instance  of  starchy  matter  and  gelatin. 

The  sample  containing-  the  gelatin  furnished  only  65-5  per  cent, 
of  extract,  aud  the  insoluble  residue  amounted  to  17  per  cent.,  thus 
leaving  18  per  cent,  for  moisture,  wliich  large  quantity  the  liquorice 
was  partly  enabled  to  retain,  in  consequence  of  its  admixture  with 


gelatin 


It  is  evident  from  the  nature  and  quantities  of  the  insoluble 
residues  that  the  adulterated  samples  of  extract  of  liquorice  consisted 
of  the  foreign  extract  melted  down. 

The  compilers  of  the  Pharmacopoeia  were  doubtless  led  to  prescribe 
a  form  for  the  preparation  of  a  genuine  extract  of  liquorice  by  the 
knowledge  of  the  fact  of  the  adulteration  of  the  foreign  extract.  We 
thus  perceive  to  what  an  extent  the  regidationsof  the  Pharmacopoeia  are 
evaded  in  this  case.  In  further  illustration  of  the  extent  to  which  the 
Pharmacopceia  in  this  and  doubtless  in  many  other  articles  is  disre- 
garded, we  may  mention  that  we  were  only  able  to  procm-e  the  Pharma- 
copceial  extract  at  about  one-thii-d  of  the  chemists'  shops  at  which  we 
enquired  for  it.  In  one  case,  although  we  particularly  requested  to 
be  fm-nished  with  the  true  extract,  some  of  the  foreign  extract  was 
coarsely  powdered  while  we  waited,  and  handed  to  us  as  the  article  we 
enquired  for,  and  for  which  we  were  made  to  pay  twice  the  usual  price. 

In  the  next  and  last  place,  we  will  proceed  to  state  the  results  of 
the  examination  of  numerous  samples     2mvdered  liquorice. 

Of  ttventij-ei(/ht  samples  of  liquorice  va.2mcder  subjected  to  exami- 
nation, eleven  loere  adulterated.  Of  these  one  consisted  chiefly  of  2oheat 
Jlour,  another  contained  a  large  quantity  of  looody  fibre,  tioo  contained 
much  foreign  woody  fibre,  two  woody  fibre  and  turmeric,  another  looody 
fibre  and  wheat  fiour,  one  was  made  up  chiefly  of  Indian  corn,  potato 
and  sago  flours,  and  turmeric,  another  of  sago,  xvoody  fibre,  and  much 
turmeric,  another  of  East  Indian  arroiuroot  and  a  little  turmeric,  and 
another  consisted  almost  entirely  of  j^otato  flour,  a  little  wheat  flour 
and  turmeric.    Some  of  the  samples  likewise  contained  cane  sugar.  ' 

We  stated  at  the  commencement  of  this  paper  we  believed  it  would 
be  found  that  liquorice  afforded  an  example  of  a  system  of  adulteration 
which  extended  to  other  and  more  important  articles  of  the  Materia 
Medica.  We  will  now  adduce  some  evidence  to  show  that  this  is  really 
the  case. 

It  has  been  ascertained  that  some  wholesale  druggists  prepare,  and 
they  nearly  all  keep,  what  are  known  in  the  trade  as  compound poivders. 
One  of  these  is  liquorice,  the  genuine  powder  being  distinguished  as 
Pulvis  Glycyrrhizse  Verus. 

_  Other  compound  powders  are  those  of  turmeric,  gentian,  fenugreek 
aniseed,  cumin,  and  elecampane.  ' 
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Those  of  tiu-nieric,  gentian,  and  fenugreek  are  usually  prepared 
after  the  following  receipts,  or  some  modifications  of  them  :— 

Turmeric  Powder.  Gentian  Powder. 

Yellow  ochre     .      .    1  lb.  Geutian    .      .    1  lb. 

Turmeric  .       .       .    lib.  Lin  sped    .       .    1  lb. 

Wheat  flour     .      .    2  lbs.  Wheat  flour     .    2  lbs. 

Cape  aloes      .  gi-s. 

Femigreek  Poivder. 
Fenugreek,  lb.  iss. 
Tumeric,  j  xii. 
Wheat  flour,  lb.  iii. 

This  custom  is  defended  on  the  plea  that  no  deception  is  practised, 
and  that  these  powders  are  sold  as  compound  articles.  This  may  he 
so  as  hetween  the  wholesale  and  retail  dealers  in  drugs,  hut  it  ass>u-edly 
is  not  the  case  as  between  these  parties  and  the  medical  profession 
and  the  public  :  tbe  liquorice  powders,  the  extensive  and  varied  adul- 
teration of  which  we  have  just  described,  were  sold  simply  as  liquorice, 
and  no  acknowledgment  whatever  was  made  even  in  a  single  instance 
of  their  compound  character. 

It  is  evident  that  the  practice  of  making  and  sellmg  these  com- 
pound powders  is  most  objectionable ;  it  indicates  a  laxity  of  principle, 
both  on  the  part  of  the  wholesale  and  retail  dealers  in  drugs,  and  it  is 
clear  that  the  medical  profession  and  the  public  are  by  it  seriously 
imposed  upon. 

It  is  affirmed  that  it  is  as  cattle  medicines  that  these  compounds 
are  used.  Although  this  is  the  case  to  some  extent,  yet  it  is  very  cer- 
tain that  they  are  not  thus  exclusively  employed  ;  besides,  why  should 
these  adulterated  powders  be  thrust  down  the  throats  of  cattle _  _ 

We  have  now  shown  that  liquorice  in  all  its  forms  and  va,rieties  is 
subject  to  an  enormous  amoimt  of  adulteration,  and  that  various  sub- 
stances are  employed  for  that  pm-pose. 

Thus  it  has  been  shown—  . 

That  the  whole  of  the  foreign  extracts  or  roU  hquorices  were  adul- 
terated, some  to  the  extent  of  nearly  50  per  cent.  .       .  . 

That  the  whole  of  the  pipe  liquorices  examined  were  also  adul- 
terated, some  of  them  not  containing  one-third  their  weight  of 

That'the  Pontefract  lozenges  likewise  contained  but  little  liquorice. 

That  of  the  samples  of  the  extract  of  liquorice  of  the  Pharmacopffiia, 
one-half  were  adulterated ;  these  for  the  most  part  consisting  oi  the 
foreign  extract  melted  down.  -,     ^ •  -a 

Lastly,  that  a  lar^e  proportion  of  the  powdered  hquorices  examined 
were  adulterated,  many  of  them  containing  only  as  much  hquonce  as 
was  necessary  to  impart  the  flavour  of  the  genuine  powder. 

Of  the  adulterations  discovered  in  roll  liquorice,  some  are  practised 
by  the  foreign  preparers  of  the  extract,  while  others  are  the  work  ot 
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parties  nearer  home.  It  is,  we  believe,  not  uncommon  for  the  foreign 
extract  to  be  aielted  down  after  its  arrival  in  this  country,  for  the 
purpose  of  subjecting  it  to  further  adulteration.  In  some  cases  the 
adidteratiug  ingredients,  as  iioiu-  and  chalk,  are  so  cliuasily  mixed  with 
the  liquorice,  that  particles  and  masses  of  these  substances  may  be 
detected  by  the  naked  eye  alone,  and  may  be  picked  out  with  a 
penknife. 

The  adulterations  of  pipe  and  powdered  liquorice  described  were 
no  doubt  etlected  in  this  coimtry. 


Liquorice  Powder,  adulterated  with  Turmeric  and  Easl  Indian  arrowroot. 
(Magnified  220  diameters.) 

Of  the  ingredients  employed  in  the  adulteration  of  liquorice,  some 
are  themselves  liable  to  adulteration.  This  is  the  case  with  the  tur- 
meric used,  which  we  have  found  to  be  adulterated  to  the  extent  of 
nearly  20  per  cent,  with  yelloto  ochre. 

THi:  DETECTION  OF  THE  ADTOTERATIONS  OP  LIQUORICE. 

Since  most  of  the  adulterations  of  liquorice  consist  in  the  addition 
oi  vegetable  substances  of  different  kinds,  the  microscope  affords  the 
cniet  means  lor  their  discovery. 
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The  characters  of  ivhaatjlour,  t/urmeric  and  East  Indian  arrowroot 
have  already  been  described  and  delineated  in  woodcuts ;  the  ap- 
pearances presented  by  liquorice  powder  adulterated  with  the  two  last 
named  substances  are  also  exhibited  in  fig-.  200. 

The  chief  chemical  adulterations  practised  are  those  with  sugar 
and  chalk.  The  process  for  the  detection  and  estimation  of  the  last  is 
pointed  out  under  the  head  of  '  Tea,'  while  for  the  detection  of  caiie 
sugar  in  liquorice  powder  we  may  proceed  as  follows : — 

Add  about  50  cc.  of  cold  water  to  15  grammes  of  the  powder ; 
filter  and  evaporate  on  a  water-bath  at  a  gentle  heat.  If  cane  sugar  be 
present  it  will  crystallise  as  the  evaporation  draws  near  to  an  end,  and 
if  now  a  little  sulphuric  acid  be  added,  the  residual  mass  will  iimne- 
diately  become  charred.  Sulphuric  acid  does  not  carbonise  liquorice 
suo-ar  or  glycyn-hizin,  but  forms  with  it  a  chemical  compound  or  sul- 
phate. 

Glycyrrhizin  and  cane  sugar  may  be  thus  separated  Irom  each 
other:  add  excess  of  basic  acetate  of  lead  to  a  strong  filtered  infusion 
of  the  powder,  remove  the  lead  held  in  solution  by  means  of  sulphu- 
retted hydrogen,  filter,  evaporate  on  a  water-bath,  and  when  dry  weigh 
the  residue,  which  consists  of  cane  sugar. 

Or  the  glycyrrhizin  may  be  removed  from  the  powder  or  the  extract 
by  means  of  warm  ether.  "The  residue,  containing  the  cane  sugar,  may 
be  converted  into  glucose  by  boiling  vnth  dilute  sulphuric  acid,  and 
the  glucose  estimated  by  means  of  the  copper  test. 
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CHAPTER  XXXVII. 
ANNATTO  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

In  cake  and  roll  annatto,  an_v  foreign  vegetable  or  mineral  substance,  and 
in  solutions,  any  foreign  vegetable  or  mineral  substaucs  other  ttian  tiie  aluali 
necessary  to  the  solution  of  the  annatto. 

Tke  next  article  which  falls  under  our  cousideration  is  annatto ;  this, 
though  not  employed  as  food,  is  yet  added  to  several  articles  of  con- 
sumption, and  it  therefore  becomes  of  interest  to  ascertain  whether  it 
is  subject  to  adulteration  or  not. 

Aniiatto  is  the  colom-ing  matter  obtained  from  the  seeds  of  a  plant 
named  Bi.vn  orellana,  L.,  and  which  forms  the  type  of  the  small  natu- 
ral order  Bixinece.  It  is  a  native  of  South  America,  the  West  and 
East  Indies ;  but  the  article  annatto  i.s  chiefly  prepared  in  Brazil  and 
Cayenne. 

The  tree  is  an  evergreen,  and  the  seeds  are  enclosed  in  pods,  the 
coloming  matter  being  sittiated  on  the  outside  of  the  seeds. 

It  appears  that  two  different  processes  ai'e  piu'sued  in  order  to 
separate  the  coloLuring  matter.  According  to  the  ordinary  process,  the 
seeds,  after  being  removed  from  the  pods,  are  bruised  and  ti-ansferred 
to  a  vat,  when  they  are  mixed  with  as  much  water  as  covers  them. 
Here  they  are  left  for  several  weeks  or  months.  '  The  substance  thus 
obtained,'  Dr.  Ure  states,  '  is  now  squeezed  tlirough  sieves,  placed 
above  the  steeper,  that  the  water  containing  the  coloiu'ing  matter  in 
suspension  may  return  into  the  vat. 

'  The  residuum  is  preserved  imder  the  leaves  of  the  Annana  (pine- 
apple tree)  till  it  becomes  hot  by  fermentation.  It  is  then  again  sub- 
jected to  the  same  operation,  and  this  treatment  is  continued  imtil  no 
more  colour  remains. 

'  The  substance  thus  extracted  is  passed  through  sieves,  in  order 
to  separate  the  remainder  of  the  seeds  ;  and  the  colom-  is  allowed  to 
.subside.  The  precipitate  is  boiled  in  coppers  until  it  is  reduced  to 
a  consistent  paste.  It  is  then  suffered  to  cool,  and  is  dried  in  the 
shade.' 

The  second  process  is  that  recommended  by  Leblond.  He  proposes 
simply  to  wash  the  seeds  imtil  they  are  entirely  deprived  of  colom-, 
to  precipitate  the  colouiing  matter  by  means  of  vinegar  or  lemon 
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juice,  and  to  boil  it  up  in  the  ordinaiy  manner,  or  to  drain  it  in  tags, 
as  is  practised  witli  indigo.  The  aunatto  prepared  in  this  way  is 
said  to  be  four  times  as  valuable  as  that  made  according  to  the  rirst- 
described  process. 

It  does  not  appear  from  either  of  these  descriptions  that  anything 
is  added  to  the  annatto  except  water.  This  is  important  with  refer- 
ence to  its  adulteration. 

Before  proceeding  to  enter  upon  the  question  of  the  adulteration  of 
any  article,  the  first  step  necessary  is  to  make  oneself  acquainted 
with  its  properties  and  characteristics ;  and  if  the  substance  be  vege- 
table, it  is  requisite  that  we  should  determine  its  structure  by  means 
of  the  microscope.  We  thus  obtain  certain  fixed  data  or  standards 
of  comparison  from  which  to  start. 

STEUCTTJEE  OF  THE  SEED  OP  ANNATTO. 

Subjecting  the  seeds  of  annatto  to  examination  with  the  microscope, 
we  find  that  their  outer  or  red  portion  does  not  exhibit  any  very  de- 
finite structure,  that  the  sm-face  of  the  seed  proper  consists  of  narrow 
or  elongated  cells  or  fibres,  vertically  disposed  ;  while  the  inner  white 
portion  consists  of  cells  filled  with  numerous  starch  corpuscles,  well 
defined,  of  mediiun  size,  and  resembling  in  form  and  in  the  elongated 
and  stellate  hilum  the  starch  granules  of  the  pea  and  bean  (tig.  201). 

In  f/enuine  manufactured  annatto  but  little  structure  is  met  with ;  in 
portions  of  the  outer  cells  are  however  seen — as  well  as  in  those  speci- 
mens which  tu  the  com'se  of  their  preparation  have  not  been  sub- 
jected, as  they  usually  are,  to  the  action  of  boiling  water— a  few  of  the 
starch  corpuscles. 

Annatto  is  used  by  dyers,  painters,  soap-makers,  and  to  colour 
milk,  butter,  and  cheese. 

By  dyers  and  soap-makers  it  is  frequently  pm-chased  for  use  in 
the  state  in  which  it  is  imported,  these  parties  adding  the  alkali  as  a 
solvent  as  they  use  it ;  in  these  cases  it  does  not  pass  through  the 
hands  of  the  English  so-called  manufactm-ers  at  all.  In  other  cases 
the  manufactm-ers  re-prepare  it  in  the  several  forms  of  roU,  cake, 
orange,  black,  and  fluid  annattos. 

COMPOSITION  OF  ANNATTO. 

The  pulp  siuTounding  the  unfermented  fresh  seeds  was  found  by 
Dr.  John  to  consist  of  28  parts  of  colom-ing  resinous  matter,  26'5  of 
vegetable  gluten,  20  of  ligneous  fibre,  20  of  colouring,  4  of  extractive 
matter  formed  of  matters  analogous  to  vegetable  gluten  and  extrac- 
tive, and  a  trace  of  spicy  and  acid  matters. 

The  colom-ing  matter  is  soluble  in  water,  but  more  so  in  alcohol 
and  alltalifis.  The  latter  change  its  colour  somewhat  from  red  to 
orange.  When  annatto  is  used  as  a  dye,  it  is  cut  in  pieces  and  boiled 
in  a  copper  with  crude  pearl  ashes. 
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On  subiectino-  the  seeds  of  annatto  to  examiuation,  we  obtained  an 
ash  which  weig'hed  4-80  per  cent.,  and  which  was  nearly  white, 
with  here  and  there  a  faint  tinge  indicating  the  presence  of  a  mere 


Fig.  201. 


Section  of  seed  of  Anxatto.  n,  colonred  portion  ;  J,  cells  of  ImsJc ;  c  layers  of 
cell?  situated  between  the  husk  and  seed  proper;  d,  cells  of  seed  proper  con- 
taining starch  corpuscles. 

trace  of  iron ;  it  yielded  -20  per  cent,  of  alumina,  tinged  only  very 
slightly  with  iron. 

The  red  or  outer  part  of  the  seeds  yielded  on  examination  nearly 
similar  results. 

These  results  may  therefore,  as  we  shall  see  more  fully  hereafter, 
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be  taken  as  representing  to  some  extent  the  proper  weight  of  the  ash 
of  genuine  annatto,  and  of  tlie  iron  and  alumina  which  it  usually 
contains. 

TTTF,  ADTTLTEEATIONS  OF  ANNATTO. 

There  is  scarcely  an  article  with  which  we  are  acquainted  sub- 
jected to  so  large  an  amount  of  adulteration,  and  this  of  the  gi'ossest 
possible  description,  as  annatto. 

The  substances  employed  are  various,  some  of  them  being  organic 
and  others  inorganic. 

The  onjanic  adulterations  which  we  ourselves  have  detected  are 
those  -wdth  turmeric,  rye,  barley,  and  wheat  Hours. 

The  inorganic  adulterations  observed  by  us  are  as  foUow :  with 
sulphate  of  lime,  carbonate  of  lime,  salt,  alkali,  an  oily  substance,  pro- 
balily  soap,  red  ferruginous  earths,  mostly  Venetian  red,  red  lead, 
and  copper. 

The  employment  of  large  quantities  of  flour  and  of  lime  so  reduces 
the  colom-  of  the  annatto  that  it  becomes  necessary  to  have  recourse  to 
salt,  alkalies,  and  the  red  earths,  to  restore  it  to  something  approach- 
ing its  natural  standard. 

The  efl'ect  of  salt  in  heightening  the  intensity  of  vegetable  reds  is 
well  known,  and  hence  its  use. 

The  lead  detected  was  probably  introduced  into  the  annatto 
through  the  Venetian  red  used. 

At  fii'st  we  were  disposed  to  regard  the  copper  in  annatto  as  an 
accidental  impurity ;  there  is  good  reason  for  believing  that  it  is  piu- 
posely  added  to  prevent  the  annatto  from  becoming  attacked  with 
fimgi,  and  to  which  it  is  so  prone,  in  consequence  especially  of  its 
admixture  with  such  large  quantities  of  flom-  and  salt.  The  salt,  by 
attracting  moistm-e,  hastens  the  decomposition  of  the  flour. 

Results  of  the  Examination  of  Samples. 

The  following  results  were  obtained  from  the  examination  of  thirty- 
four  samples  of  annatto  of  all  kinds  as  imported,  as  obtained  from 
'English  manufacturers,  and  as  purchased  from  dealers  :— 

1.  That  of  the  thirty-foui-  samples  of  amiatto  of  all  kinds  examined, 
two  only  %oere  genuine,  and  were  entirely  free  from  adulteration ; 
these  being  two  red  cake  annattos  as  imported. 

2  That  the  whole  of  the  remaining  samples  consisted  of  mixtures 

various  proiiortions  of  one  or  more  substances,  these  amounting 
in  many  cases  to  one-half  and  in  some  instances  to  even  two-thirds 
of  the  entire  sjjecimens.  i    .    j  j. 

.3  That  of  the  two  samples  of  black  annatto,  obtained  trom  manu- 
factiu-ers,  one  furnished  a  highly  ferruginous  ash,  which  was  verv 
alkaline,  and  amounted  to  33-50  per  cent.,  and  which  consisted 
of  an  alkali,  some  chalk,  and  a  red  ferruginous  earth  ;  while  the 
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second  yielded  an  ash  that  weighed  35-36  per  cent.,  which  was 
still  more  ferrugiuous,  and  consisted  of  alkali  and  some  red  earth. 

4.  That  of  the  foiu-  samples  of  orange  cake  annatto,  obtained  from 
manufacturers,  one  fiu-uished  an  ash  which  amounted  to  03-00 
per  cent.,  and  which  consisted  chiefly  of  chalk,  with  a  trace  of 
lead  ;  the  ash  of  the  second  sample  weighed  57-72  per  cent.,  and 
also  consisted  principally  of  chalk  ;  the  third  sample  contained  a 
large  quantity  of  turmeric  and  a  little  luheat  flour;  the  ash 
amounted  to  44-4  per  cent.,  and  consisted  of  chalk  and  some  red 
earth ;  while  the  ash  of  the  fourth  sample  weighed  63-00  per 
cent.,  and  was  composed  chiefly  of  chalk. 

6.  That  of  the  two  samples  of  red  cake  annatto,  procured  from  manu- 
facturers, one  contained  a  very  laro;e  quantity  of  ivheut  flour,  and 
yielded  17-12  per  cent,  of  ash,  which  consisted  of  salt  and  some 
red  earth ;  the  other  also  contained  a  very  large  quantity  of  ^oheat 
flour,  and  furnished  14-26  per  cent,  of  ash,  consistmg  chiefly  of 
salt  and  some  ferruf/iiious  earthy  colouring  matter. 

6.  That  of  the  Ave  samples  of  orange  cake  annattos,  piu-chased  of 

different  retail  dealers,  one  yielded  57-80  per  cent,  of  ash,  which 
consisted  principally  of  -  chalk  :  a  second  contained  a  very  large 
quantity  of  turmeric,  and  gave  an  ash  which  weighed  36-56  per 
cent.,  and  which  was  composed  of  chalk  and  a  red  ferruginous 
earth ;  the  third  contained  the  starch  of  sago,  the  ash  weighing 
58-46  per  cent.,  which  was  composed  chiefly  of  chalk ;  the  fom-th 
contained  a  very  large  quantity  of  turmeric,  and  yielded  40-30 
per  cent,  of  ash,  composed  of  chalk,  ferruginous  earth,  and  a 
little  salt;  while  the  lifth  gave  69-12  per  cent,  of  ash,  which 
consisted  principally  of  chatk  with  traces  of  lead. 

7.  That  the  samples  of  red  roll  annatto  nearly  all  contained  large 

quantities  of  either  ivheat,  harley,  or  rye  flour — usually  the  latter, 
to  the  extent  of  30  and  even  over  40  per  cent. ;  much  salt 
and  some  red  ferruginous  earth,  as  Venetian  red,  red  ochre,  or 
reddle. 

Eeviewing  then  the  results  of  the  microscopical  and  chemical  ex- 
amination of  the  Thirty-four  samples  of  annatto,  it  appears  that  large 
quantities  of  turmeric  were  present  in  thi-ee  samples  ;  wheat  or  harley 
flour  in  fom-,  and  rye  flour  in  nine,  tlie  majority  of  these  samples  con- 
taining full  foi-ty  per  "cent,  of  floiu- ;  that  chalk  was  present  in  a  great 
many  cases,  frequently  to  the  extent  of  fifty  and  even  over  sixty  per 
cent.,  sulphate  of  lime  in  at  least  five  cases,  a  red  ferruginous  earth  iu 
a  great  many,  an  alkali  in  several,  salt  in  many,  lead  in  five  cases,  and 
cojjper  in  at  least  fom-  samples. 

The  iron  and  alumina  amoimted  in  some  cases  to  near  three  and 
even  over  five  per  cent.  Had  all  the  samples  been  examined  quan- 
titatively for  iron,  it  is  probable  that  still  larger  amounts  would  have 
been  met  with,  as  the  worst  cases  were  not  specially  selected  for 
examination. 
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■  In  two  of  tlie  five  samples  in  ■whicli  lead  was  detected,  the  quan- 
tity was  not  weighed,  and  is  described  as  traces  only,  while  in  the 
other  three  samples  the  quaijtities  amounted  to  -30,  -SO,  and  to  1-20 
per  cent. 

Mr.  Hofrg,  the  author  of  the  '  Treatise  on  the  Microscope,'  has  also 
examined  some  samples  of  annatto,  and  found  them  to  be  adulterated 
with  7-ye  and  barley  flovu's,  turmeric,  salt,  red  earth,  and  carbonate  of 
lime. 

Lastly,  the  following  analyses  by  Dr.  Bernays  embody  the  residts 
of  the  chemical  examination  of  the  ashes  of  five  samples  of  annatto 
furnished  him  by  the  author  : — 


No.  1. 

Ash  of  100  parts,  weighed  62-40,  which  w 
Carbonate  of  lime 
Sulphate  of  lime  . 
Alkaline  sulphates 
Chloride  of  sodium 
Iron  and  alumina  . 
Lead,  ti'aces,  sand,  &c. 


as  composfd  of- 
37-88 
8-8-2 
4-34 
6-42 
2-14 
2-80 


62-40 


No.  2. 

Ash  of  100  parts,  weighed 
13-70  :— 

Chloride  of  sodium  .  .  6-87 

Sulphate  of  lime  .  .4-12 

Iron  and  alumina  .  .  1-40 

Sand,  &c.  .      .  .  .  1-31 

13-70 

No.  3. 

Ash  of  100  parts,  weighed 
17-20  :— 

Chloride  of  sodium    .       .  9-30 

Sulphate  of  lime        .       .  4-00 

Iron  and  alumina      .       .  "90 

Sand,    3-00 

17-20 


No.  4. 

Ash  of  100  parts,  weighed 
13-95  :— 

Chloride  of  sodium    .      .  4-31 

Sulphate  of  lime        .       .  5-92 

Iron  and  alumina      .       .  1-32 

Sand,  &c   2-40 

13-95 

No.  5. 

Ash  of  100  parts,  weighed 


62-26  :— 

Carbonate  of  lime  .  .  42-00 
Sulphate  of  lime  .  .  .  8-84 
Chloride  of  sodium  .  .  6-56 
Iron  and  alumina  .  .  3-20 
Sand,  <fec  1-66 


62-26 


From  what  has  already  been  stated,  it  will  be  apparent  that  the 
whole  of  the  above  five  samples  were  adulterated,  chiefly  with  chalk, 
gypsum,  salt,  iron,  and  lead. 

The  presence  of  lead  in  annatto  has  been  detected,  not  only  by 
ourselves,  but  by  Accimi,  MitcheU,  Bernays,  and  Normandy.  _ 

Acciun,  at  page  276  of  his  '  Treatise,'  has  wi-itten  to  this  eliect : 
— '  Several  instances  have  come  under  my  knowledge  in  which  Glou- 
cester cheese  has  been  contaminated  with  red  lead,  and  has  produced 
serious  consequences  on  being  taken  into  the  stomach.     In  one 
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poisonous  sample  which  it  fell  to  ray  lot  to  examine,  the  evil  had 
heen  caiused  by  the  sophistication  of  the  anuatto  employed  for  colour- 
ing cheese.  Tliis  substance  was  found  to  contain  a  portion  of  red  lead.' 
Acciuu  then  goes  on  to  quote  the  particulars  of  a  case  recorded  by  a 
Mr.  ^^'right,  of  Cambridge: — A  gentleman,  after  partalring  of  some 
toasted  cheese  at  an  inn  on  two  ditl'erent  occasions,  was  both  times 
made  ill  by  it.  The  matter  was  referred  to  the  manufacturer  of  the 
cheese,  who,  on  enquiry,  ascertained  that  the  annatto  which  had  been 
used  to  coloiu-  the  cheese  was  itself  coloured  or  adulterated  with  both 
vermilion  and  red  lead. 

Mr.  Mitchell,  in  his  '  Treatise  on  the  Falsification  of  Food,'  published 
in  184S,  states,  page  231: — 'I  have  frequently  examined  specimens  of 
annatto  which  have  been  contaminated  with  red  lead  or  a  mixtiu'e  of 
red  lead  and  ochi-e.' 

Lastly,  Dr.  Normandy,  in  his  '  Commercial  Handbook  of  Chemical 
Analysis,'  wiites,  '  Unfortunately  as  annatto  is  very  often  adul- 
terated with  red  lead,  or  with  both  red  lead  and  ochre,  the  use  of 
such  annatto  is  very  injurious,  and  serious  accidents  have  been  caused 
thereby.' 

Two  of  the  authors  quoted,  viz.,  Accum  and  Mitchell,  testify  to  the 
fact  of  the  presence  of  lead  in  annatto  and  cheese  of  their  own  Imow- 
ledge.  It  is  not  clear  whether  Dr.  Normandy  does  so  or  not,  or  whether 
he  merely  repeats  the  statements  of  others  on  the  subject.  Now  there 
is  no  evading  the  evidence  of  the  hrst  two  witnesses. 

We  would  fiu'ther  observe  that,  in  some  of  the  samples  examined, 
the  ingi-edients  were  so  badly  mixed  that  in  some  instances  we  picked 
out  little  masses  of  the  substances  added,  as  of  the  dilferent  kinds  of 
flora:  used,  tra-meric,  chalk,  and  red  earth. 

Now  the  manufactra-ers  of  annatto  will  doubtless  try  to  persuade 
us,  and  perhaps  others  who  are  not  manufacturers  will  do  so  as  well, 
that  some  of  the  substances  which  we  have  mentioned  are  introduced 
to  improve  the  article,  to  render  it  more  soluble,  and  to  make  it  keep 
better.  We  are  ready  to  admit  that  the  use  of  alkali  is  perfectly 
justifiable  to  render  it  more  soluble,  but  beyond  this  we  do  not  go'; 
and  allowing  this  plea  of  improvement  to  have  all  the  weig-ht  that  can 
possibly  belong  to  it,  enough  will  still  remain  to  show  that  annatto  is 
subject  to  a  large  amount  of  adidteratiou,  for  it  is  impossible  to  justify 
the  use  of  tra-meric,  of  Venetian  red,  or  reddle,  of  40  or  50  per  cent, 
of  wheat,  barley,  or  rye  flour,  and  of  50  and  over  60  per  cent,  of  chalk 
and  sulphate  of  lime. 

With  respect  to  the  plea,  which  has  been  m'ged,  that  some  of 
the  substances  added  make  it  keep  better,  we  would  remark,  that 
annatto,  ^vith.  ordinai'y  care,  will  keep  perfectly  well  for  months  and 
years  without  any  such  addition,  and  that  the  substances  added  are 
not  always  effectual.  It  often  remains  in  the  docks  before  it  is  sold 
for  one  or  two  years,  during  which  long  period  it  retains  its  goodness. 
Thus,  while  we  have  never  seen  a  sample  of  annatto  as  imported  attacked 
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with  mao-o-ot8,  several  of  those  wliicli  we  have  p\irchased  at  shops  were 
so;  and'^m  consequence  of  the  larfre  quantity  of  salt  which  they  con- 
tained, they  attracted  water  to  such  an  extent  that  they  quickly 
hecame  spoiled.  One  speciiuen,  which  was  ridd  ed  through  with  holes, 
vielded  an  ash  which  weighed  12  per  cent ,  and  it  contained  lead  and 
iron  Another  sample,  one  of  those  sent  by  Mr.  Hogg,  was  infested 
with  livino-  larvaj,  and  vet  this  contained  a  large  quantity  of  turmenc 
powder,  starch,  salt,  and  a  red  earth-the  ash  amounting  to  24  per 
cent.,  and  yielding  1-70  per  cent,  of  u-on  and  alumina,  as  red  as 

^^'^'some  of  the  samples  examined  did  not  contain  more  than  .30  per 
cent  of  annatto ;  and  could  it  he  shown  that  the  reduction  of  annatto 
to  this  enormous  extent  was  justifiable— which,  however,  it  certainly 
is  not— then  it  cannot  be  denied  it  is  high  time  that  the  name  ot 
annatto  should  be  abandoned,  and  that  some  name  or  names  should  be 
adopted  which  would  express  the  actual  composition  of  the  article,  and 
serve  to  indicate  the  fact  that  the  article  thus  reduced  consists  m  part 
only,  and  that  often  the  smallest  part,  of  that  which  it  professes  to  be 

— viz.  annatto.  ,  .  ,  i    •  ,      .•        j  • 

The  late  Mr.  Wakley,  who  gave  some  highly  interesting  and  im- 
portant information,  in  regard  to  adulteration,  before  the  Parhamentary 
Committee  of  1855,  communicated  the  foUowing  evidence  respectingthe 
annatto  sent  out  by  a  house  to  which  he  was  attached  in  earlv  life  :— 
'It  consisted  of  flag  annatto  half  a  pound,  powdered  turmeric  three 
oimces,  powdered  lime  three  ounces,  and  soft  soap  ten  oimces.  But 
fi-eciuently,  when  there  was  no  flag  annatto  to  be  had,  an  additional 
quantity  of  tiu-meric  was  put  in,  with  some  red  coloiu  which  I  do  not 
low  recollect :  but  often  it  was  sent  out  without  a  particle  of  annatto 
The  powder  for  moulding  the  annatto  consisted  of  eight  oimces  of 
whituio-  and  two  ounces  of  Dutch  pink.'  ^     •  „i 

We  have  now  advanced  enough  to  prove  that  annatto  is  extensively 
iTirl  scandalously  adulterated. 

AtThe  meeting  of  the  Phamaceutical  Society,  to  which  a  paper  by 
the  tnthov  on  the  adidteration  of  annatto  was  communicated  souie  years 
!ince  Dr  Theophilus  Redwood,  the  present  President  of  the  Society 
of  PuW  c  Analysts,  whose  views  in  regard  to  conventional  adultera- 
tions &c  excited  so  much  siu-prise,  undertook  the  Qvuxotic  task  of 
pro^'nt  that  the  various  substances  foimd  in  adultemted  annatto  were 
Si  Sded  to  improve  the  article,  Dr.  Redwood  not  even  objecting  to  the 

^^'^Sf^hlSnJrjven  before  the  Parliamentary  Committee  in 

SaS«rsr-«-^ 

H^dSed  that  annatto  was  adulterated,  on  the  gi-ound  that  it  was 


AjSnatto  anb  its  abulteeations. 


G23 


physically  impossible  to  mix  turmeric  with  amiatto,  the  fact  being  that 
nothino:  is  more  easy. 

In  like  manner  he  denied  that  cinnamon  was  adulterated,  and  alle<i'ed 
that  cassia  was  as  dear  as  cinnamon  ;  also  that  arrowToot  was  not  adul- 
terated, since  sago  and  potato  powders  were  worth  as  much ;  and,  lastly, 
he  flatly  denied  that  spices  were  adulterated  in  any  degree,  these 
assertions  being  unsupported  by  a  particle  of  proof. 

We  now  come  to  make  a  few  remarks  on  the  employment  of  annatto 
in  the  colom-ing  of  milk  and  butter,  but  principally  cheese.  We  would 
lirst  state  we  do  not  apprehend  that  danger  is  often  lilcely  to  arise  from 
the  occasional  presence  of  lead  in  annatto,  seeing  that  the  quantity  used 
to  colour  cheese  is  but  small. 

The  practice  of  coloiu-ing-  cheese  with  annatto  entails,  however, 
some  expense  and  ti-ouble,  while  it  serves  no  really  useful  pm-pose, 
and  on  these  groimds  it  is  to  be  condemned  ;  but  on  this  point  we  will 
cite  the  opinions  of  two  well-lmown  authorities  on  dairy  farming. 

In  the  '  Rural  Gyclopfedia,'  part  i.  p.  127,  we  find,  amongst  other 
remarlvs  relating  to  annatto,  the  following : — '  Another  variety  of 
annatto  that  is  commonly  employed  in  English  dairies  is  manufac- 
tured in  Bi-azil  into  small  rolls,  each  two  or  three  ounces  in  weight, 
hard,  diy,  and  compact ;  brownish  without,  and  red  within.  But  its 
gi'and  interest  to  the  farmer  consists  in  its  very  extensive  use  as  a 
colouring  matter  for  butter,  and  especially  cheese.  The  cheese- 
makers  of  Gloucestershire  give  one  ounce  of  annatto  to  one  hundred- 
weight of  cheese,  and  those  of  Cheshire  eight  dwts.  to  sixty  pounds. 
But  as  these  quantities  are  far  too  small  to  medicate  the  cheese,  or 
even  to  affect  its  tiavom*,  the  only  advantage  to  be  derived  from  the 
annatto  is  mere  colour,  and  surely  the  appearance  of  Stilton  or  Dunlop 
cheese  upon  the  table  is  to  the  full  as  agreeable  as  that  of  Gloucester- 
shire or  Cheshire  cheese.  The  use  of  annatto,  therefore,  is  sheerly 
whimsical,  imposing  perfectly  useless  trouble  on  the  manufacturer, 
and  some  small  ridiculous  expense  upon  the  purchaser.  The  mode 
of  using  it  is  to  dissolve  it  in  the  hot  milk  immediately  before 
chmTiing.' 

Mr.  Stephens,  in  his  '  Book  of  the  Farm,'  part  iii.  p.  288,  makes 
some  observations  on  the  use  of  annatto  to  colour  cheese,  nearly  to 
the  same  effect.  He  says : — '  I  have  not  recommended  the  use  of 
annatto,  or  amotto,  for  dyeing  cheese,  because  I  think  by  it  the  cheese 
farmers  impose  upon  themselves  a  very  useless  piece  of  ti-ouble. 
All  the  quantity  employed  is  said  to  impart  no  peculiar  flavour  to  the 
cheese ;  which  being  acknowledged,  of  what  utility  is  it  ? ' 

THE  DETECTION  OF  THE  ADTTLTERATIONS  OF  ANNATTO. 

'(/cinic  adulterations. — Annatto  in  the  manufactured  state  pre- 
senting so  few  evidences  of  structiu'e,  it  is  a  very  easy  matter  indeed, 
by  means  of  the  microscope,  to  detect  the  presence  in  it  of  most  foreio-n 
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vegetaWe  sul)stances,  as  turmenc  poivder,  and  the  starch  of  wheat,  rye, 

barley,  and  sat/o  flours.  „  ,  ^  n  v  ^^ 

The  turmeric,  owing  to  the  action  of  the  salt  and  alkali  usually  pre- 
sent with  it  in  the  annatto,i8  genera,Uy  much  changed  ;  niost  ot  the 
colouring  matter  of  the  cells  is  discharged,  so  that  the  starch  coi- 
puscles  contained  within  them  become  visible  ;  loose  starch  granules  of 
turmeric  may  also  he  frequently  seen  presentmg  their  usual  characters, 
except  that 'they  are  much  increased  in  size  m  consequence  of  the 
a pti nil  of  the  alkali  upon  them  (fig.  202).  ,  .  , 

The  characters  of  turmeric  powder  will  he  found  described  m  the 
report  ou  that  article,  while  the  characters  of  the  diflerent  starches  are 
oiven  under  their  respective  heads.  ^    r  ,  i  • 

^  Inon/anic  aduUerations.-The  presence  of  most  of  the  morffamc 
achilterations  is  in  many  cases  sufficiently  mamfest  by  the  appearance, 
wS  ,  and  taste  of  the  ash.  Thus  the  weight  of  the  ash  generally 
serves  to  show  the  presence  of  sidphate  and  carbonate  of  lime ;  the 
colour,  the  presence  of  the  red  earths;  and  the  taste,  the  sa  t  and 
alkali  •  the  presence  of  salt  can  indeed  generaUy  be  ascertained  bj  the 
taste  of  the  annatto  itself.    Sometimes,  however,  a  quantitative  ex- 

TltTntantrittances  for  which  amiatto  hastobe  tested  chemi- 
cally are  mh,hate  and  carbonate  of  Ume,  carbonate  of  potash,  carbonate 
of  soda,  chloride  of  sodium,  red  fen^gimous  earths,  lead  and  copper 
^  As  several  of  these  substances  sometimes  occm-iu  the  same  samples, 
we  shall  not  describe  the  processes  for  the  detection  of  each  sepa- 
rately but  shall  slcetch  the  outlines  of  a  combined  analysis.  _ 

Incinerate  10  graimnes  of  the  annatto,  weigh  the  ash  pidver:se  ; 
treat  wSh  two  or  Lee  successive  smaU  portions  of  distiUed  water  ; 
tilfwrn  separate  the  chloride  of  Bodium  and  the  carbonate  ot  soda  or 
potash  shoild  either  of  these  be  present ;  and  the  quantities  of  which 

wSe?  the  alkali  be  soda  or  potash,  we  must  proceed  a^  directed 
'"^"^t;  We^  tL  of  the  ash  insoluble  in  water  to  a  glass  fla.k, 

tie  acida,  »nd  deduct  it  ftom  the  gross  might  ot  the  ash  It  «iU  co» 
^''Sraotr  Xt"  ^^one  ,h,w  do™  the  s,d- 
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ammonia  ;  calculate  the  sulpliuric  acid  into  sulphate  of  lime ;  if  there 
is  any  excess  of  lime,  calculate  it  into  carbonate  of  lime. 

"We  have  now  only  to  estimate  the  alumina  and  iron,  lead  and 
cojyper. 

For  the  determination  of  these  it  is  best  to  operate  upon  another 
portion  of  ash ;  dissolve  with  heat  in  dilute  nitric  acid,  evaporate 
nearly  to  dryness,  dilute  with  water,  and  divide  the  solution  into  two 
portions. 

Fig.  202. 


ANNATTO  adnlterat-d  with  lurmerk.  Ma^ified  225  diameters,  a,  outer  part 
ll^f^i  f  •  ^t'^'!'^^  fe'-aD"les  ;  c.  c,  cells  of  turmeric  ;  d  d,  free  starch  granules  of 
same,  but  much  altered  by  the  action  of  the  allrall.  " 

_  Estimate  the  iron  and  alumina  in  one  portion  in  the  manner  directed 
m  the  article  on  '  Tea.' 

foEows*—  ^"PP®""         ^^^^  quantitatively  as 

_  Separate  the  lead  from  the  copper  by  means  of  pure  dilute  sulphuric 
acid,  added  in  shght  excess  ;  the  precipitate  must  be  washed  first  with 
water  acidulated  with  sulphuric  acid,  and  finally  with  spirits  of  wine- 
dry,  itrnite,  and  weigh.  ' 

Precipitate  the  copper  by  means  of  sulphuretted  hydroo-en  •  collect 
dry,  weigh,  and  calculate  into  the  sulphate.  o    ,  , 

s  s 
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Or  the  foUowino-  process  may  he  adopted  for  the  separation  of  the 
lead  -—Mix  the  concentrated  nitric  acid  solution  with  hydrochloric  acid 
in  excess  ;  add  a  large  quantity  of  absolute  alcohol  mixed  with  some 
ether  •  let  the  precipitate  subside,  filter  the  fluid  oil,  wash  the  precipi- 
tate with  alcohol  and  ether,  dry  it  at  a  gentle  heat,  and  weigh 

The  followino-  process  for  detecting  and  estimating  minute  quan- 
tities of  oxide  of^copper  is  by  Mr.  Warington :— 

'  This  operation  depends  upon  the  solubility  of  the  ferrocyamde  of 
copper  in  an  excess  of  a  solution  of  ammonia,  and  its  deposition  with 

Fig.  203. 


ANNATTO  adulterated  with  rye  flour.   Magnified  225  diameters. 

its  well-marked  characteristic  appearances  as  the  ammonia  evaporates 
Thus,  supposing  a  frequently  occurring  case,  where  the  p^i^e  ot 
copper,  in  very  small  quantity,  is  in  solution  with  oxide  of  iron  and 
Zt  these  metlls  have\een  brought  to  their  highest  state  of  oxidation; 
ammonia  is  next  added  in  excess,  and  then  a  few  drops  of  a  solutaon 
of  the  ferrocyanide  of  potassium,  and  the  whole  thrown  upon  a  filter. 
As  the  ammonia  escapes  from  the  filtrate  by  standing  and  free  ex- 
^,sure  to  the  air,  the  red  fen-ocyanide  of  copper  will 
Ld  if  the  experiment  be  made  in  a  shaUow  white  porcelain  dish,  the 
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result  mil  be  very  distinct  and  characteristic,  and  on  carel'iillv  de- 
canting: the  fluid,  the  precipitate  will  be  found  on  the  white  surface. 
In  many  cases,  the  process  of  filtration  may  be  dispensed  with  alto- 
gether, as  the  suspended  peroxide  of  iron  does  not  in  the  least  inter- 
fere with  the  deposition  of  the  ferrocyanide  of  copper  from  the  solution. 
I  have  found  this  test  g-ives  unerring  indications  in  cases  where  no 
trace  of  blue  colour  coidd  be  distinguished  in  the  ammoniacal  solution, 
and  where  no  precipitation  could  be  procured  by  hydrosulphuric  acid 
gas  or  the  action  of  a  voltaic  circviit. 

'  "\^^len  organic  colouring  matter  is  present,  this  form  of  test  is  also 
very  useful,  as  in  vinegars,  &c.' 


s  s  2 
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CHAPTER  XXXVIII. 
VINEGAR  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADDLTEUATION.  . 

"pa^tSs^ulpliuHc  acid  in  1,000  parts 

of  vinegar. 

AcFTic  acid  is  the  volatile  principle,  to  tlie  presence  of  which,  diluted 
wiTh  variahle  proportions  of  water,  vinegar  mamly  owes  its  aroma  and 

pungency.  .oadv  formed,  in  notable  quantity  in  certain  plants, 

as  I^Zl's  Z^'^^t^lder,  'Pk^ni.  aalylifera  or  Date  tree,  and 

""'Tt'^^^Wadily  generated  by  the  fermentation  of  various  vege- 
table andauimal  ^^^^'^^'^^^'^Xf^^^e  i^^^^         vegetable  and 

at  the  expense  of  the  alcohoL  ^^^^^^^ 
Acetic  '^'^^d  may  be  foimed  dn^^^^^  atmosphere,  either 

alcohol  or  %P"'^t^°f.7^'^Vatinum  W  of  the  black  powder 
l,y  means  of  ^^.^^'^^^'^'^.P^Sv^eTf  ^atinmn  and  potash  with 
oLined  \^S^Z;;Z^ll:t  picf'S^cohol  I  .erj  low, 
alcohol.     in  ^^^^'^^"j j        a  laro-e  scale  on  this  principle. 

itToeeTs  ^^^^^^^ 

^^^Sir^o^^itions.^ 

mote  Featlytherapidity  of  the  process  indispensable  to  the 

spheric  air  or  oxygen  l^^^^^^^^^^ 

change,  the  reason  of  which  willappear  [^^^J^^      .j^^  ,f  2  atoms 
Common  or  ethyUc  alcohol,  OjHeU,  Dy  tne  auauip 


VINEGAR  AND  ITS  ADULTERATIONS. 


629 


of  oxygen  from  the  air,  yields  acetic,  acid,  OoII^O^,  and  one  molecule 
of  water.  This  process  takes  place  in  two  stages.  First  one  atom  of 
ox3'gen  deprives  the  alcohol  of  2  atoms  of  hydrogen,  aldehyde,  CoH.jO, 
being  formed.  This  in  its  tiu'n  absorbs  1  atom  of  oxygen  and  yields 
directly  acetic  acid ;  usually,  however,  especially  when  the  access  of 
air  is  limited,  a  portion  of  the  aldehyde  escapes  oxidation  into  acetic 
acid.  But  in  most  cases  small  quantities  of  acetic  ether  and  other 
volatile  substances  are  produced,  giving  to  the  vinegar  much  of  its 
llavour  and  aroma. 

Such  are  tlie  changes  of  alcohol  into  acetic  acid. 

It  is  therefore  evident  that  much  of  the  success  of  any  process 
adopted  for  the  manufacture  of  vinegar  will  depend  upon  the  manner 
in  which  the  mother  liquor  is  exposed  to  the  atmosphere-  that  is, 
upon  the  constant  renewal  of  the  air,  and  the  extent  of  surface  ex- 
posed to  its  action,  the  conversion  of  alcohol  into  acetic  acid  taking 
place  only  on  the  sm-face  of  the  liquid. 

A  second  condition  which  greatly  facilitates  acetification  is  the 
presence  of  &  ferment. 

In  vegetable  infusions,  as  those  of  the  grape  and  malt,  the  nitro- 
genised  principles  contained  in  them  act  as  the  ferment.  Vinegar 
itself,  vinegar  yeast,  lees,  beer  yeast,  leavened  bread,  and  many  other 
similar  matters,  are  capable  of  exciting  fermentation,  and  so  promotino- 
the  generation  of  acetic  acid.  Experience  has  shown  that  the  best 
ferment  for  inducing  the  transformation  of  alcohol  into  acetic  acid  is  a 
portion  of  ready-made  vinegar  itself. 

A  thii-d  condition,  which,  though  not,  like  the  former,  essential,  yet 
greatly  hastens  the  conversion,  is  an  increased  temperature,  varying 
considerably  in  different  cases,  but  being  often  about  38°  0. 

_  '^Tien  any  spirituous  liquor  is  exposed  imder  the  conditions  re- 
quisite for  acetification,  the  following  phenomena  are  observed  to  occur 
in  succession. 

However  clear  the  liquid  may  have  been  at  first,  it  quickly  becomes 
tm'bid ;  cmrents  or  movements  are  soon  visible  in  it ;  it  is  said,  in 
common  language,  to  be  '  on  the  work.'  Slimy  particles  collect  on 
the  surface,  gi-adually  forming  a  scum,  which,  after  a  time,  falls 
as  a  sediment  to  the  bottom.  The  Germans  call  this  scum  '  vinegar 
mother,'  since  it  is  capable  of  exciting  acetification  in  fresh  portions 
of  liquid.  Diuing  the  process  the  temperature  of  the  liquid  rises,  and 
the  pecidiar  aroma  of  vinegar  becomes  diffused  in  the  surrounding 
air  ;  as  soon  as  aU  the  alcohol  has  become  converted  into  acetic  acid, 
the  temperature  falls  to  that  of  the  atmosphere ;  the  motion  ceases, 
the  liquid  becomes  clear  and  bright,  and  its  conversion  into  vinegar  is 
complete. 

The  different  kinds  of  vinegar  may,  according  to  their  source,  be 
divided  and  classified  as  malt,  wine,  cider,  beet,  sugar,  and  ivood  vinegars, 
but  occasionally  other  fruits,  as  gooseberries  and  currants,  are  employed 
for  the  manufacture  of  vinegar. 
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Malt  vinegar. -K^  iufasion  of  malt  is  prepared  in  the  same  way  as 
the  wort  for  the  brewing  of  beer-namely,  by  exhausting  the  crushed 
rnalt  Sh  successive  quantities  of  water,  which  has  Fev^ouslX  J^e- 
heated  to  about  70°  0.  The  solution  is  aUowed  to  coo  to  about  25  G, 

-"^^^iX^  i^irr^^  treat- 
mPnt  S  thh  liquid.    Formerly  it  was  Med  into  casks  which  were 
Xced   in  row?  in  an  open  held,  which  were  allow-ed  to  remain 
there  for  many  weeks,  until  the  acetification  was  complete    This  pro- 
Ill  pr/?;ZrZ»»/  was  be-un  in  the  early  months  of  the  year,  and 
Tsnofct^S'trU  ?he  autumn.    The  cLks  are  filled  from  the  top 
TfTe  biewhouse  by  means  of  a  flexible  pipe.    After  the  completion  of 
Jhe  acetScation,  the  casks  are  emptied  by  means  of  a  syphon  into  a 
touch  placed  beneath,  and  the  liquid  is  pumped  by  means  of  steam 
un  ?o  the  brewhouse  and  into  the  refining  casks    These  casks  are  hlled 
?ith  stalks  and  skins  of  grapes,  or  with  wood  shavings,  s  raw,  or  spent 
and  the  vineo-ar  is  allowed  to  Alter  several  times  thi-ough  these 
Itoces    By  this  process  the  vinegar  is  freed  from  nitrogenoris 
-  it  s  and  rendered  cW  and  bright.    It  is  then  pumped  into  vats, 
where  it  remains  until  it  is  flUed  into  casks  for  sale. 

The  otTer  method  of  acetification  of  the  wort,  which  has  now 
«uniseded  the  fielding  process,  is  as  follows : -Large  casks  placed  in 
EJeTor  four  ranges  ove\-  each  'other  in  a  roonr  or  ceUar  warmed  from 
about  28  to  30°  0.  are  filled  to  about  one-third  of  their  capacity  with 

""'Malt'vine-ar  prepared  by  either  of  the  above  described  processes 
Malt  vinegar  prep.        j  aoreeable  aromatic  odoiu-,  and  a 

possesses  ^J-^J^X    We  berv^  however,  that  at  the  present  day 

oth|grainB,  and        wit^^^^^^^^^^^  of  inferior  quality 
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made  to  the  remaining  liq^uid.  Large  quantities  of  cream  of  tartar  are 
in  the  couree  of  time  precipitated  upon  the  inner  surface  of  the  casks. 
It  has  been  observed  that  the  formation  of  acid  is  hastened  by  slight 
continual  motion. 

The  casks  used  at  Orleans  are  capable  of  holding  about  400  pints  of 
wine,  which  is  mostly  used  when  it  is  about  a  year  old,  as  old  wine, 
having  lost  its  nitrogenised  constituents,  does  not  so  readily  undergo 
acetihcation. 

Wine  ^-inegar  is  of  com-se  either  white  or  red,  according  to  the 
colour  of  the  wine  ii'om  which  it  is  prepared.  It  is  superior  to  the 
other  kinds  of  vinegar,  it  containing  all  the  flavour  and  aroma  of'  the 
wine  from  which  it  has  been  made. 

'Wine  \'inegai'  is  sometimes  flavoured  by  the  addition  of  wine,  the 
presence  of  the  alcohol  increasing  its  aroma  and  pungency. 

Too  great  reliance  must  not  be  placed  upon  the  presence  of  bitartrate 
of  potash  in  vinegar  as  a  proof  that  the  vinegar  is  really  made  from 
wine,  as  this  salt  is  not  uncommonly  added  to  other  descriptions  of 
vinegar,  especially  sugar  vinegar ;  it  is  even  added  sometimes  to  malt 
vinegar. 

Sugar,  beet,  and  cider  vinegars. — Vinegar  is  frequently  prepared 
on  a  large  scale  from  the  above  substances,  as  also  occasionally  fi-om 
findts  other  than  the  apple,  as  pears,  gooseberries,  currants,  &c.  The 
vinegar  made  from  apples,  pears,  and  other  fruits  is  distinguished  by 
the  presence  of  acid. 

Dr.  Stenhouse  has  even  recommended  the  use  of  seaweed  for  the 
manufactm-e  of  vinegar.  This,  when  subjected  to  fermentation  with 
the  addition  of  lime,  yields  acetate  of  lime,  which  may  be  decoaiposed 
with  sidphiu-ic  acid,  thus  fiu-nishing  a  more  or  less  pure  acetic  acid. 

Disf/illed  vinegar. — By  submitting  v\ane  or  malt  vinegar  to  distilla- 
tion, the  acetic  acid  and  all  the  volatile  constituents  are  obtained  in 
the  distillate,  which  is  known  as  distilled  vinegar.  It  should  be  re- 
membered,^ however,  that  the  vinegar  thus  obtained  is  always  weaker 
than  that  from  which  it  is  derived,  and  this  because  the  boiling-point 
of  vinegar  is  higher  than  that  of  water.  The  distilled  vinegar  of  wine 
often  contains  a  small  quantity  of  alcohol.  ° 

The  Vinegar  Fungus. 

A  very  pure  and  wholesome  vinegar  may  also  be  prepared  from  a 
solution  of  sugar  or  treacle,  fermented  by  the  agency  of  a  fungus  termed 
the  vinegar  plant. 

W  e  were  favoured  some  years  since  by  Mr.  Fletcher,  surgeon,  of 
Bromsgrove,  with  the  following  particidars  in  reference  to  the  vinegar 
plant : — • 

'  A  few  weeks  ago  I  had  a  young  vinegar  plant  sent  me,  with  the 
following  directions : — "  Put  the  plant  in  an  earthen  jar,  add  to  it 
half  a  pound  of  the  coarsest  moist  sugar,  and  half  a  pound  of  treacle, 
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with  five  pints  of  milli-warni  water ;  cover  it  lightly  over,  so  as  to 
keep  out  the  dust,  hut  not  the  air,  and  then  put  it  in  a  moderately  warm 
place ;  there  let  it  remain  seven  weeks,  not  disturhmg  it  more  than  you 
can  help.  At  the  end  of  that  time  pom-  off  what  is  now  the  clear 
vineo-ar  and  keep  it  in  v»rell-corked  bottles  for  use.  Again  add  to  the 
plant  the  same  quantity  of  water,  sugar,  and  treacle,  as  before.  At 
the  end  of  the  second  seven  weeks,  the  plant  will  have  become  like 
two  thick  pancakes,  and  they  maybe  easily  divided,  care  being  taken 
not  to  tear  the  old  or  new  plant.  If  the  plant  is  exposed  to  the  cold, 
or  kept  too  long  out  of  the  liquid,  it  will  become  black  and  die."_ 

'  I  herewith  send  you,' continues  JNIi".  Fletcher,  '  a  sample  of  vinegar 
thus  manufactui-ed.  Should  the  sample  be  worthy  of  your  attention, 
I  will  send  you  a  larger  quantity  of  vinegar,  a  young  plant,  and  a 
sample  of  pickles  made  with  this  kind  of  vinegar.' 

In  a  second  letter  Mr.  Fletcher  writes:—'  The  plant  I  have  was 
riven  me  early  in  the  winter,  and  it  not  only  has  supplied  me  with 
several  young  plants  for  friends,  but  vinegar  enough  to  last  me  lor 

^'^^  We  have  been  given  to  understand  that  vinegar  plants  are  sold  in 
larae  numbers  by  the  chemists  in  Manchester  and  the  sm-roundiug 
towns,  and  that  vinegar  is  made  in  considerable  quantities  by  means  ot 
this  fungus.  We  also  k-now  that  since  the  publication  of  the  lact 
that  vinegar  may  be  thus  prepared,  many  persons  have  been  led  to  try 
this  plan,  and  for  the  most  part  with  very  satisfactory  results. 

The  Quick  Vinegar  Process. 
The  knowledge  of  the  fact  that  atmospheric  air  is  indispensable  to 
acetification  led  to  the  adoption  in  this  counti-y  and  in  Germany  of  what 
has  been  termed  the  quick  vinegar  process,  by  which  the  liqmd  to  be 
converted  into  vinegar  is  kept  constantly  in  motion  m  a  divided  state 
and  thus  a  large  sui-face  is  continually  exposed  to  the  action  ot  the 

""^ToSe  y^ars  since  we  had  the  opportimity  of  seeing  this  improved 
process  in  fidl  operation  at  the  vinegar  manufactory  of  Messrs.  Hiil, 
Evans  &  Co.,  of  Worcester,  and  more  recently  at  those  of  Messrs.  biee, 
Slee  &  Co.,  and  Messrs.  Crosse  &  Black-well.  ,   ,  u- 

The  process  is  conducted  in  large  vats  capable  of  each  ho Idmg 
from  6,000  to  10,000  gallons  of  wash  ;  each  yat  is  half  hUed  with  the 
Sd  0  be  acetified,  Ld  the  upper  haK  with  bundles  of  ^^<^\^^^^ 
as  are  in  general  use  for  brooms  or  besoms.  The  pimip  m  the  cent  e 
elevates  the  liquor,  and,  by  means  of  its  rotative  motion,  disperses  it 
iu  I  show  over  the  sikace  of  the  bed  of  bhch,  and  m  descending 
tl^n^h  the  sime  it  is  met  by  a  small  ascending  cm-rent  of  atmospheric 
air  which  comino-  in  contact  with  the  midtiphed  sm-faces  of  the 
iQum-  ricZrS^^  the  twigs,  speedily  acetifies  it ;  the  whoie 
beTnt  kep?  up  to  the  proper  heat  by  a  steam-pipe  of  pm-e  tin  passmg 
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throu^-h  the  vat.  The  acetification  is  generally  completed  m  twenty 
dav3,  but  varies  in  inverse  ratio  to  the  proportion  of  birch  to  the  wort 
to  "he  acetified;  and  the  whole  operation,  mechauical  and  chemical, 
beiuo-  performed  bv  steam,  no  manual  labour  of  any  kind  is  required 
save  the  occasional  inspection  by  the  manager  to  ascertain  when  the 
process  is  finished.  ,  , 

In  place  of  the  birch  twigs,  wood  shavings  and  wood  charcoal  have 

sometimes  been  employed. 
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This  apparatus  is  capable  of  acetifying  any  fermented  liquor  what- 
ever, and  even  distilled  spirit,  with  a  complete  control  over  any  waste. 

The  process  will  be  more  clearly  comprehended  by  an  examination 
of  the  accompanying  engraving,  which  was  made  from  a  model  pre- 
pared by  Messrs.  Hill,  Evans  &  Co.,  and  shown  at  the  Great  Ex- 
hibition. 

The  upper  circular  opening  in  the  side  of  the  vat  is  for  the  admis- 
sion of  atmospheric  air,  the  lower  is  the  termination  of  the  steam-pipe. 
It  shoidd  be  mentioned  that  the  principle  of  the  process  was  dis- 
covered quite  independently,  and  about  the  same  time,  in  Germany 
and  in  this  counti-y. 

Manufacture  of  acetic  acid  from  loood. — Billets  of  wood,  usually 
those  of  the  oak,  ash,  birch,  or  beech,  are  subjected  in  retorts,  analogous 
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to  those  used  in  the  manufacture  of  gas,  to  destructive  distillation. 
Various  gases  and  volatile  compounds  are  thus  formed.  These  are 
passed  through  a  series  of  condensers,  which  retain  the  water,  tar, 
methylated  spirit,  and  acetic  acid,  while  the  uncondensable  gases  are 
conducted  into  the  hre,  to  the  heat  of  which  they  contribute  by  theu- 
combustion.  The  liquid  in  the  condensers  is  distilled,  when  the 
methylated  alcohol  iirst  passes  over  and  then  the  acetic  acid,  together 
with  a  portion  of  the  tarry  matter  and  other  impiuities,  the  object  of 
the  subsequent  treatment  being  to  free  the  acid,  termed  in  its  un- 
purified  state  pyroligneous  acid,  from  these  contaminations. 

The  second  portion  of  the  distillate,  containing  the  crude  acetic 
acid,  is  neutralised  with  either  carbonate  of  soda  or  carbonate  of  lime. 
When  the  latter  is  used,  the  acetate  of  luue  formed  is  in  its  tm-n 
decomposed  by  means  of  sulphate  of  soda,  readily  crystallisable  acetate 
of  soda  being  formed  and  sulphate  of  lime,  which,  for  the  most  part,  is_ 
deposited.  The  solution  is  now  concentrated,  when  the  acetate  of 
soda  is  obtained  by  crystallisation.  ^  The  crystals  are  further  piuified 
by  solution  and  recrystallisation. 

Lastly,  they  are  decomposed  by  the  addition  of  sulphuric  acid, 
sidphate  of  soda  being  formed,  and  the  acetic  acid  liberated  and  ob- 
tained in  a  separate  form  by  distillation. 

Another  process  which,  although  cheaper,  yields  a  product  of  less 
pmity,  has  been  proposed  by  Volkel,  in  which  he  directly  satm-ates 
the  liquid  from  the  condensers  with  lime.  The  tar  is  separated  in 
part,  and  the  liquid,  after  concentration,  slightly  acidulated  with 
hydrochloric  acid.  This  occasions  the  precipitation  of  a  iiuther 
portion  of  the  tarry  matter.  The  liquid  is  then  evaporated  to  dryness 
and  distilled  with  hydrochloric  acid,  acetic  acid,  contaminated  with 
hydrochloric  acid,  passing  over.  This  latter  may  be  removed  by  the 
addition  of  a  small  quantity  of  carbonate  of  soda  and  redistillation. 

Properties  of  acetic  aciVZ.— The  acid,  as  usually  obtained  by  distilla- 
tion, is  more  or  less  mixed  with  water.  In  its  most  concentrated  form 
it  crystallises  at  or  below  15°  C.  in  prismatic  or  tabular  crystals.  Its 
specific  gravity  in  the  solid  state  is  1100  at  8-5°  C.  It  melts  at 
16°  0  (Lowitz),  at  or  above  22-6  (MoUerat).  It  boils  at  119  and, 
according  to  Kopp,  at  117-3°  C.  It  has  a  very  sour  taste  and  odour, 
blisters  the  skin,  and  acts  as  an  acrid  poison.  It  does  not  redden 
litmus,  itnless  mixed  with  water.  The  vapom-  is  inflammable  and 
burns  with  a  blue  flame.  . 

It  mixes  with  water  in  all  proportions,  the  density  ot  the  mixture 
varving  with  the  amount  of  acid  contauied  in  it.  It  also  mixes  freely 
with  alcohol.    It  dissolves  resins,  gum  resins,  camphor,  and  essential 

Liferent  qualities  of  Dme^rwr.— Nearly  all  vinegar  makers  supply  at 
least  four  difterent  strengths  or  qualities  of  vinegar,  named  respectively 
Nos.  24,  22,  18,  and  16,  the  flrst  being  the  strongest,  and  the  last  tlis 
weakest. 
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No.  24,  or  standard  vinegar,  as  it  is  termed,  has  frequently  its 
strength  increased  by  the  dii'ect  addition  of  acetic  or  even  pyrolig- 
ueoiis  acid. 

No.  22  is  in  most  cases  the  strongest  vinegar  really  manufactured ; 
the  other  and  weaker  kinds  being  prepared  from  this  by  the  addition 
of  certain  quantities  of  water. 

Further,  these  numbers  do  not  indicate  absolute,  but  merely  relative 
strengths,  so  that  the  vmegars  of  different  makers  having  the  same 
muuber  vary  considerably  in  the  amount  of  acetic  acid  contained  m 
them. 

It  is  thus  evident  that,  according  to  this  system,  much  inducement 
for  sophistication  on  the  part  of  retail  dealers  is  removed,  who,  if  they 
wish  to  be  supplied  with  a  poor  and  cheap  vinegar,  have  only  to  order 
a  cask  of  the  Nos.  18  or  16  vinegars  of  any  of  the  makers. 

It  is  generally  stated  that  good  vinegars,  such  as  all  Nos.  24  ought 
to  be,  should  contain  5  per  cent,  of  anhydrous  or  pure  acetic  acid. 

The  goodness  of  a  vinegar  is  indicated  to  some  extent  by  its  specific 
o-ravitv.  No.  24  \-iuegar  of  good  quality  should  have  a  specific  gravity 
of  notless  than  1022,  No.  22  of  1020,  No.  20  of  1019,  No.  18  of  1017, 
and  No.  16  of  1015. 


THE  ADTJiTERATIONS  OP  TDfEGAE. 

The  principal  adulterations  of  vinegar  are  with  watej;  sulphuric 
acid,  burnt  sugar,  and  sometimes  with  acrid  substances,  as  chillies  and 
grains  of  paradise,  and  also  with  acetic  and  pyroligneous  acids. 

The"  water  is  added  to  increase  its  bulk,  sulphuric  acid  and  acrid 
substances  to  make  it  pungent,  and  burnt  sugar  to  restore  the  colour 
lost  by  dilution. 

Some  of  the  vinegars  sold  at  small  Imcksters'  shops,  and  at  oyster 
stalls,  consist  of  little  else  than  diluted  sulphuric  acid  and  water 
coloured  with  burnt  sugar. 

Now.  the  law  allows  the  addition  of  one  part  of  sulphuric  acid  to 
1000  of  vinegar,  and  it  is  only  when  the  quantity  exceeds  that  amount 
that  it  can  be  considered  as  an  adulteration  ;  and  this  it  veiy  fi'e- 
quently  does. 

The  use  of  this  quantity  of  sulphuric  acid  was  permitted  on  the 
plea,  urged  by  the  manufactm-er,  that  it  was  necessary  in  order  to 
make  the  vinegar  keep.  That  it  is  not  requisite  to  the  preservation 
of  well-made  vinegar  is  shown  by  the  circumstance  that  several 
manufactmers,  especially  those  who  make  use  of  the  quick  vinegar 
process,  do  not  use  sulphuric  acid  at  all ;  and  yet  the  vinegar  made  by 
them  keeps  perfectly  well. 

As  has  already  been  noticed,  the  same  practice  prevails  in  the 
article  vinegar  as  in  mastard ;  no  less  than  four,  and  even  five  qualities 
of  vinegar  are  made,  difi'ering  only  in  strength ;  the  consequence  of 
this  system  is,  that  if  you  buy  vinegar  at  several  difl'erent  shops,  it 
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will  be  found  that  some  of  the  vinegars  will  contain  two  or  three 
times  less  acetic  acid,  the  active  ingredient  of  the  vinegar,  than  others, 
although  the  same  price  is  paid  for  them  all.  This  system,  therefore, 
aftbrds  great  facilities  for  imposition. 

Very  commonly,  after  the  manufactm-e  of  the  vinegar  has  been 
completed,  the  strength  is  brought  up  by  an  addition  of  acetic  acid. 
We  are  of  opinion  that  this  practice  is  to  be  regarded  as  an  adultera- 
tion. To  allow  of  this  addition  would  be  to  acknowledge  that  a 
mixtui-e  of  acetic  acid  and  water  really  constitutes  vinegar,  which  is 
far  from  being  the  case,  since  genuine  vinegar  contains  extractive 
matters  of  ditl'erent  kinds  as  well  as  certain  volatile  principles,  and 
which  afl'ect  both  the  aroma  and  the  flavour. 

Other  adulterations  described  in  books,  the  majority  of  which  are 
probably  of  unfrequent  occurrence,  consist  in  the  addition  of  nitric, 
hydrochloric,  and  tartaric  acids,  alum,  salt,  spurge  flax,  mustard,  pelli- 
tonj,  and  long  pepper. 

Vinegar  is  not  unfrequently  contaminated  with  arsenic,  this  being 
introduced  tkrough  the  sulphiuic  acid  used  in  its  adulteration. 

'  You  get  arsenic,'  states  Mr.  Scanlan,  in  his  evidence  before  the 
Parliamentary  Committee  of  1855,  'in oil  of  vitriol  to  a  great  extent. 
This  arises  from  the  employment  of  pyrites  instead  of  sulphm-.  Oil  of 
vitriol  is  made  in  large  quantities  by  alliali  makers,  and  when  the 
price  of  sulphur  is  high  they  use  pyrites  instead  ;  and  pyrites  ahnost 
invariably  contains  arsenic.  Irish  pyrites  contains  a  good  deal :  but 
I  have  understood  that  the  Cornish  pyrites  contains  still  more.  _  Some 
few  years  ago  I  found  an  enormous  quantity  of  it  in  sulphmic  acid 
here"in  London.  It  finds  its  way  into  muriatic  acid  made  from  that 
sulphuric  acid,  or  in  the  mamifactm-e  of  which  that  sulphmic  acid  is 
employed,  and  hence  it  may  be  very  mischievous.  A  mixtiu-e  of 
mui-iatic  acid  and  soda  has  »been  used  in  bread,  and  I  have  seen 
mm-iatic  acid  containing  a  very  fearful  quantity  of  arsenic' 

Since  the  date  when  the  above  quotation  was  written,  the  manu- 
factm-e of  sulphmic  acid  from  pyrites  has  entirely  superseded  that 
from  sulphur.  .  , 

The  following  evidence  in  regard  to  the  use  of  corrosive  sublimate 
was  given  by  Mr.  Gay  before  the  same  Parliamentary  Committee  :— 

'  Corrosive  sublimate  has  been  used  for  years  and  years  in  some 
houses,  and  not  a  cask  has  gone  out  without  a  certain  proportion  of 
corrosive  sublimate.  . 

'  Chair7nan.  Do  you  believe  that  corrosive  sublmiate  was  mixed 
with  the  vinegar  in  injurious  proportions  ? 

'  I  do  ;  it  was  done  to  give  strength  to  the  vinegar.  _  N\  hen  the 
D.  W.  and  0.  V.  have  been  used,  the  corrosive  sublimate  is  put  m  to 
give  it  a  tartness  again  in  the  mouth.  j  n 

'  Chairman.  Are  these  technical  expressions  m  the  trade— U.  V . 
for  oil  of  vitriol,  and  D.  W.  for  distilled  water  ?  ^ 

'  Just  so.    Corrosive  sublmiate  is  called  "  the  Doctor. 
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White  or  distilled  vinegar,  as  it  is  called,  is  usually  made  with 
water  and  acetic  acid,  what  is  sold  as  such  being  rarely  distilled 
at  all. 

EESULTS  OF  ANALYSES  OF  SAMPLES. 

The  chemical  analysis  of  thirty-three  samples  of  vinegar  purchased 
ot  various  tradesmen  resident  in  London,  furnished  the  following 
results : — 

1.  That  the  amoimt  of  acetic  acid,  the  most  important  constituent 

of  vinegar,  varied  greatly  in  diflereut  samples,  the  highest  per- 
centage^ being  5-10,  and  the  lowest  2-29,  or  less  than  half  the 
hrst  amoimt. 

2.  That,  since  the  standard  No.  24  vinegars,  submitted  to  analysis, 

ranged  for  the  most  part  considerably  over  four  per  cent.,  vinegar 
to  be  deemed  good  ought  to  contain  certainly  not  less  than  four 
per  cent,  of  real  acid. 

3.  Judged  by  this  standard,  out  of  twenty-three  samples  of  vinegar 

purchased  of  dealers  in  London,  seven  reached  this  strength, 
and  contained  from  fom-  per  cent,  upwards  of  acetic  acid ;  the 
percentage  of  seven  of  the  vinegars  ranged  between  three  and 
fom* ;  while  in  the  remaining  nine  the  amount  of  acid  varied 
from  two  to  three  per  cent.,  it  being  in  two  instances  as  low  as 
2-40  and  2'29. 

4.  That  twelve  samples  out  of  the  thirty-three  analysed  contained  no 

free  sulphuric  acid — a  fact  affording  convincing  proof  that  the 
use  of  this  acid,  so  objectionable  in  many  respects,  is  not  neces- 
sary for  the  preservation  of  well-made  vinegar. 

5.  That  in  eight  samples  the  quantity  of  sidphuric  acid  present  did  not 

exceed  the  amount  permitted  to  be  added. 

6.  That  in  the  remaining  cases  the  amount  exceeded  this,  and  in  some 

instances  was  three  or  four  times  as  great. 
The  results  of  the  analysis  of  a  second  sei-ies  of  samj^iles,  tiventy- 
eight  in  number,  of  the  vinegar  of  some  of  the  principal  vinegar  manu- 
facturers, were  as  follows  : — 

L  That  sei-en  of  the  samples  were  entirely  fi-ee  fi-om  sulphuric  acid 
or  oil  of  vitriol. 

2.  That  eighteen  were  adidterated  with  that  powerful  mineral  acid 

the  amoimt  of  which  was  variable,  and  often  very  consider- 
able ;  fi'om  -eS,  the  lowest,  to  6-02,  the  highest,  quantity  in  1000 
parts. 

3.  That  tioo  of  the  samples  contained  it  in  very  small  quantity  only. 

4.  That  in  three  samples  it  was  present  in  considerable  amount. 

5.  That  six  contained  it  in  very  considerable  amount. 

G.  That  in  seven  samples  it  was  present  in  still  larger  quantity. 

7.  That  the  acetic  acid  also  varied  very  considerably  in  amount  in 

different  samples,  the  highest  proportion  being,  in  1000  parts  by 
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measure,  55-66  parts,  or  5-56  per  cent.,  and  the  lowest,  27-63,  or 
only  2-76  per  cent. 

8.  That  in  eight  samples  the  acetic  acid  was  present  in  amount  over 

Jive  per  cent.,  which  is  above  the  standard  strength. 

9.  That  in  ttoelve  samples  the  quantity  exceeded /owr  per  cent. 

10.  That  in  seven  it  was  over  three  per  cent. 

11.  That  in  one  the  quantity  of  acetic  acid  present  was  so  small  as  to 

be  under  three  per  cent. — that  is,  but  little  more  than  half  the 
proper  sti-ength. 

The  sidphuric  acid  indicated  in  the  analyses  is  what  is  termed 
monohydrated  sulphiu-ic  acid,  which  is  in  general  very  much  stronger 
than  the  commercial  acid ;  evei-j'  part  of  the  former,  therefore,  corre- 
sponds to  a  much  larger  quantity  of  the  latter. 

Again,  it  should  be  particularly  remembered  that  the  acidifying 
power  of  the  mineral  sulphm-ic  acid  is  greater  than  that  of  the  vegetable 
acetic  acid  -,  one  part  of  sulphuric  acid  acidities  a  larger  quantity  of  a 
fluid  than  the  same  amount  of  acetic  acid,  so  that  the  sulphuric  acid 
present  in  vinegar  does  not  simply  take  the  place  of  a  similar  quantity 
of  acetic  acid,  but  represents  one-third  more  of  that  acid.  Besides, 
the  taste  of  sulphuric  acid  is  much  stronger  and  sourer  than  that  of 
acetic  acid. 

Contamination  with  Metals. 

As  in  the  preparation  of  acetic  acid  and  distilled  vinegar,  copper 
stills,  lead,  zinc,  or  tin  pipes  are  sometimes,  though  by  no  means 
commonly  used,  vinegar  is  occasionally  found  to  be  contaminated  to  a 
dangerous  extent  with  those  metals.  As  vinegar  is  capable  of  acting 
very  energetically,  in  the  course  of  a  few  minutes,  on  most  metals, 
their  use  in  its  manufactau-e  ought  to  be  strictly  prohibited.  Many 
fatal  accidents  have  resulted  from  the  impregnation  of  vinegar  with 
metallic  poisons.  The  metal  which  is,  however,  most  frequently  found 
in  vinegar  is  iron. 

In  order  to  avoid  any  risk  of  metallic  contamination  Messrs. 
Crosse  &  Blackwell  make  use  of  pipes  of  ebonite,  wherever  their 
employment  is  practicable. 

DETECTION  OP  THE  ABITLTEEATIONS  AITD  nrPTmiTTES  OP  VmBGAE. 

One  means  which  may  be  adopted  of  ascertaining  the  quality  of  a 
vineo-ar  is  by  determining  its  specific  gravity ;  this  may  be  done  either 
by  means  of  the  specific  gravity  bottle  or  of  the  ordinary  hydrometer, 
or  else  by  an  insti-ument  consti-ucted  on  the  same  prmciples  as  the 
galactometer  of  M.  Dinocourt,  already  described.  The  ordinary  gravi- 
ties of  vineo-ars  of  the  several  qualities  are  stated  at  p.  635.  It  will 
frequently  be  found  that  the  vinegars  sold  at  the  shops  weigh  several 
deorees  less  than  even  No.  16  vinegar,  which  is  the  poorest  made,  and 
the  specific  gravity  of  which  is  usually  1015.  When  tbe  gi-a^ity  is 
below  this,  the  vinegar  is  unquestionably  adulterated  with  water. 
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On  the  determination  of  the  acetic  acid  in  viner/ nr. —The  quality 
of  a  vineg'ar,  and  whetlier  it  is  adulterated  or  not,  can  often  bo  ascer- 
tained hj  determining  the  amount  of  acetic  acid  present  in  any  sample  ; 
the  determination  is  efiected  by  saturation  with  known  quantities  of 
an  alkali. 

The  acid  may  he  first  separated  from  the  other  constituents,  im- 
purities, or  adulterations  of  the  vinegar,  by  distillation  ;  being  volatile, 
it  passes  off  on  the  applicirtion  of  heat.  The  quantity  of  vinegar  to  be 
employed  is  50  cc,  which  should  be  distilled  abuost  to  dryness, 
the  acid  obtained  being  then  neutralised  with  alkali,  and  its  amount 
thus  determined. 

The  process  of  distillation,  however,  is  tedious,  and  does  not  admit 
of  easy  application,  except  in  the  laboratory  of  the  chemist.  More- 
over the  risk  is  inciu-red  of  a  portion  of  the  acid  still  remaining  behind 
in  the  retort.  The  same  end  can  be  attained  by  a  different  method — 
thus  the  alkali  may  be  added  directly  to  the  vinegar.  The  alkali 
usually  employed  is  soda ;  it  may  be  used  either  in  the  form  of  the 
pure  ci7stals  of  the  carbonate,  tlie  recently-ignited  carbonate,  which 
is  preferable,  or  a  solution  of  caustic  soda.  The_  dried  carbonate  is 
prepared  by  igniting  the  ciystallised  carbonate  in  a  crucible.  The 
whole  of  the  water  of  crystallisation  shoidd  be  driven  off,  and  the 
white  powder  left  heated  to  redness. 

Weighed  quantities  of  the  soda  should  be  dissolved  in  Imown  bulks 
of  distilled  water.  A  convenient  quantity  of  this  solution  is  heated  to 
boiling,  so  that  the  carbonic  acid  evolved  on  the  addition  of  the  vinegar 
may  be  driven  off.  The  vinegar  is  now  gradually  added  from  a  burette 
until  the  reaction  is  exactly  neutral,  i.e.  until  neither  turmeric  is  turned 
brown,  nor  litmus  paper  red.  From  the  volume  of  vinegar  employed, 
and  the  quantity  of  carbonate  of  soda  used,  we  may  easily  calculate 
the  amount  of  acetic  acid  contained  in  the  vinegar. 

Or  50  cc.  of  the  vinegar  may  be  measured  into  a  beaker,  and  a  stan- 
dard caustic  soda  solution  added  to  it,  until  litmus  is  no  longer  turned 
red.  The  litmus  must  not  be  directly  added  to  the  liquid,  vinegar  being 
usually  so  deeply  tinted  as  not  to  allow  the  change  of  colour  to  be  seen. 
In  such  cases  litmus  paper  must  be  employed.  A  convenient  strength 
of  the  soda  solution  is  such  that  1000  cc.  of  it  are  capable  of  neu- 
tralising 60  grammes  or  1  equivalent  of  acetic  acid. 

Mr.  iVIitchell,  in  his  treatise  on  '  The  Falsifications  of  Food,'  states 
that  '  if  a  drop  or  two  of  pure  vinegar  be  placed  upon  blue  litmus 
paper,  the  latter  will  be  reddened  ;  but  when  dried  before  a  fire,  the 
red  colour  disappears,  and  the  original  blue  again  presents  itself.' 
Although  the  above  statement  holds  good  in  respect  to  pure  acetic 
acid  and  its  solutions,  we  have  yet  found  that  the  redness  produced  by 
this  acid,  in  the  case  of  certain  pure  malt  vinegars,  is  not  dissipated  by 
the  degree  of  heat  which  is  employed  to  diy  the  litmus  paper,  but  on 
the  contrary  remains  fast. 

On  the  determination  of  sulphuric  acid  in  vinegar. — Sulphuric  acid, 
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as  we  have  said,  is  very  commonly  added  to  the  malt  and  other  vinegars 
prepared  in  this  country,  ostensihly  for  the  purpose  of  making  it  keep 
hetter,  but  also  unquestionably  to  augment  its  strength.^ 

We  have  already  expressed  doubts  as  to  whether  this  addition  is  at 
all  necessary  to  well-manufactured  vinegar,  since  many  makers  now 
dispense  with  it  altogether  ;  as,  however,  the  law  has  allowed  of  the 
addition  of  a  certain  amount  of  sulphuric  acid,  the  presence  of  this  can 
hardly  be  treated  as  an  adulteration,  although  strictly  it  really  is  so. 
Bv  it  the  acidity  of  the  vinegar  is  not  only  increased,  but  the  cost  of 
the  article  much  reduced,  and  in  place  of  a  volatile  and  aroniatic  acid, 
we  are  made  to  consume  a  harsh  mineral  acid,  having  none  of  these 
properties,  and  in  no  way  concerned  in  digestion. 

Several  statements  are  contained  in  books  which  treat  of  adultera- 
tions, respecting  the  detection  of  sidphm-ic  acid  in  vinegar.   Thus,  it  is 

First.  If  a  pen  be  charged  with  vinegar  containing  sulphuric  acid, 
and  words  written  with  it,  when  dried  before  the  fire,  they  turn  black. 

Second.  When  such  vinegar  is  dropped  on  paper,  the  spots  also 
become  black  when  dried.  ■      c  i- 

Third.  That  towards  the  conclusion  of  the  evaporation  ot  a  portion 
of  vinegar  containing  sulplim-ic  acid,  dense  fumes  of  sulphurous  acid 
will  be'evolved,  and  the  residuum  charred.  ,  „  .  ,      ,  ,  , 

Fom-th.  If  a  drop  of  the  vinegar  be  allowed  to  fall  into  a  hot  solu- 
tion of  cane  sugar,  an  intense  black  spot  will  instantly  appear,  resulting 
from  the  carbonisation  of  the  sugar.  _  . 

Fifth  That  starch  or  dextrin,  being  boiled  m  vinegar  containing 
sulphm-ic  acid,  will  be  converted  into  glucose,  or  grape  sugar. 

Mr  Lewis  Thompson  adopts  the  following  process  for  the  detection 
of  free  sulphm-ic  acid  in  vinegar,  by  which  one-half  per  cent,  of  that 
acid,  he  states,  may  be  detected It  will  be  seen,  by  only  exposing 
a  sino-le  di'op  of  the  vinegar  upon  a  little  plate  at  a  steam  heat  for 
five  minutes,  the  vinegar  containing  the  sulphm-ic  acid  will  become 
nerfectlv  black.  A  small  white  plate  is  put  over  a  vessel  containing 
water  and  the  water  is  made  to  boil,  so  that  the  steam  plays  agamst 
the  lo'wer  part  of  the  plate.  Under  these  circumstances,  take  a  di;op 
of  the  suspected  vinegar,  and  drop  it  upon  the  plate:  if  it  contains 
oil  of  vitriol,  the  vinegar  wiU  evaporate,  and  the  acid  wiU  concentrate, 
till  it  is  sufficiently  strong  t<i  act  on  the  organic  matter  of  the  vinegar, 
on  which  it  acts  and  chars  it.'  _  .  •  , 

Practically,  the  above  tests,  although  mgemous  and  mteresting  on 
paper,  are  worthless,  since  the  carbonisation  does  not  really  occur  m  any 
ffie  cases  described  even  when  the  vinegar  contams  the  largestjnount 
of  sulphuric  acid  we  have  ever  met  with,  namely,  0-60  per  cent. ,  and 
with  respect  to  the  fifth  test,  the  starch  or  dexti-m  wouldbe  equally 
Tonverte^d  by  any  other  mineral  acid.  Mr.  Thompson's  est  is  waiiting 
L  delicacy,^since  it  will  not  detect  less  than  5  parts  of  acid  per 
1000  of  vinegar. 
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There  is  a  simple  method,  however,  wherehy  the  presence  of  free 
,  sulphuric  acid  may  be  discovered  even  in  as  small  a  proportion  as  1 
in  10,000.  This  consists  in  adding  a  few  drops  of  the  suspected 
vdnegar  to  a  small  fragment  of  cane-sugar  and  evaporating  the  vinegar 
on  the  water-bath,  when  the  residue  will  turn  more  or  less  black 
according  to  the  amount  of  the  free  mineral  acid  present. 

For  the  detennination  of  the  sulphuric  acid  quantitatively,  the 
following  method  is  to  be  adopted : — 

Solution  of  chloride  of  barium  is  added  in  excess  to  50  cc.  of  the 
^•inegar  contained  in  a  beaker  and  heated  to  boiling.  The  precipitate, 
consisting  of  sulphate  of  barium,  is  allowed  to  settle,  is  separated  by 
filti-ation  or  decantation,  washed,  dried,  incinerated  and  weighed, 
and  the  sulphuric  acid  calculated  therefrom.  Thus  the  total  amount 
of  sidphmic  acid,  free  and  combined,  is  obtained.  Another  portion, 
100  cc.  of  the  vinegar,  is  now  evaporated  in  a  platinmn  basin  to  di-yness 
and  the  residue  is  incinerated.  This  is  usually  a  very  difficidt  operation, 
the  mass  being  exceedingly  apt  to  spirt  and  thus  to  cause  loss  unless  it 
be  very  gradually  dried.  The  ash  is  heated  to  redness,  is  then  dis- 
solved in  weak  hydrochloric  acid,  and  the  sulphates  are  estimated  by 
means  of  chloride  of  barium  as  described  above.  The  difference  between 
the  two  estunations  gives  the  quantity  of  free  sulphiu-ic  acid ;  this,  being 
volatile,  IS  di-iyen  away  dm-ing  the  incineration. 

The  quantity  of  free  sulphuric  acid  must  be  calculated  for  acetic 
acid  and  the  amoimt  deducted  from  the  total  acid  found. 

The  quantity  of  combined  sulphm-ic  acid  met  with  is  subject  to 
great  vanation,  this  being  due  in  part  to  the  grain  used,  but  chiefly 
to  the  composition  of  the  water  employed  in  the  manufactm-e  of  the 
■vanegars. 

Estimation  of  mineral  acids.— It  has  lately  been  recommended  to 
estunate  the  quantity  of  free  mineral  acids  in  T-inegar  by  the  employ- 
ment of  a  paper  colom-ed  with  methvlaniline  violet,  the  colour  of 
which  IS  destroyed  by  mineral,  but  not  by  organic  acids.  The  process 
is  thus  earned  out : — 

In  50  cc.  of  the  vinegar  the  total  acidity  is  estimated  by  means  of 
Sie  ?ndiSor°  '^^"^^^^  ^^^^^  employed  as 

In  a  second  portion  of  the  vinegar  (100  cc.)  the  acidity  is  estimated 
in  the  same  way,  paper  colom'ed  with  methylaniline  violet  being  em- 
ployed instead  of  the  litmus  paper.  The  alkaline  solution  is  added 
until  the  anihue  paper  ceases  to  be  decolorised.  The  quantity  of  so- 
lution employed  m  the  latter  case  gives  the  amoiuit  of  the  free  mine- 
ral acids  present,  while  the  difference  between  this  amount  and  that 
trst  employed  furnishes  the  datum  from  which  the  quantity  of  acetic 
acid  may  be  calculated. 

Of  the  adulteration  of  vinegar  with  nitric,  hydrochloric,  and  tartaric 
acids  It  IS  unnecessary  to  treat  at  any  length,  since  we  are  unacquainted 
vnth  any  instances  of  the  use  of  those  acids  in  the  adulteration  of  vinegar 

T  T 
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although  it  is  quite  possihle  that  they  have  been  and  still  are  used  in 

some  rare  cases.  ,         . ,    r  .         •  • 

On'the  detection  of  chiUies  and  other  amd  substances  m  mmr/ar  - 
The  presence  of  acrid  substances  in  vinegar  may  be  readily  detected 
A  portion  of  the  vinegar  should  be  evaporated  nearly  to  dryness  and 
the  extract  tasted,  when  the  presence  of  any  pungent  substance  -mil  be 
plainly  revealed.    For  the  detection  of  capsicum,  see  the  article  on 

'%Tthl  detection  of  burnt  suf/ar.-20  or  .30  cc.  of  the  vinegar  are 
to  be  evaporated  on  a  water-bath  to  drjniess,  the  extract  boiled  wit 
alcohol,  the  alcoholic  solution  evaporated,  and  the  i^si due  tasted;  if 
be  of  a  very  dark  colom-,  and  of  a  bitter  taste,  biu-nt  sugar  is  no  doubt 

^'""'S!" iAe  detection  of  pyrolir/noous  r/m/.-Pyroligneous  acid  consists 
of  acetic  acid,  with' creosote  and  other  impimties.  rt«  nam^  , 

implies,  it  is  formed  by  the  destructive  distiUation  of  wood  :  and  t 
usiWpossesses  a  smell  and  taste  indicative  ol  its  origin.  For  the 
detection  of  this  impure  acid  nothing  more  is  usually  necessan'_  than  to 
diSl  the  acid  from  a  portion  of  the  vinegar,  to  concentrate  this  by  re- 
d ist  Uation,  and  tinallv  to  judge  of  it  by  the  taste  and  odour.  It  may 
however,  be  so  deprived  of  its  impurities  as  to  be  quite  free  from 
consisting  entirely  of  acetic  acid,  being  then  undistingmshable 

from  that  acid  obtained  fi-om  other  sources  -R;.„,,^pntp  of 

On  the  detection  of  bitartrate  of  potash  m  ^'^'^O^^.-^'^^^^f^^^^ 
notash  is  a  constituent  of  wine  Muegar,  and  as  we  are  often  called 
£n  to  oive  our  opinion  as  to  whether  certain  vinegars  are  made 
W  wine  or  malt,  t  is  necessary  that  we  should  be  acquain  ed  with 
the'^Xd  of  detecting  and  estimating  that  salt.  For  directions  the 
vP'ider  is  referred  to  the  article  on 'Wine.  -,  ,  ^ 

On  of  malic  acid.-T^.  p«  for  the  detection  of 

this  acid  will  also  be  found  in  the  article  on  VVine. 

On  i/^  rf^^^rf^-o"  of  metallic  imjmrities  in  n«.^r«r.-Half  a  litre  of 
vine^^r  should  be  evaporated  to  diyness  in  a  porcelam  capsule,  and  the 
vinegar  s^o  uu  oe      w  j  ^^^^^  j.^jg^.^oioiu-ed, 

Tpkce  of  S^^^^^^^  it  rontains  iron.  The  ash  should  be  treated  with  a 
fewTrops  of  puil  nitric  acid,  distilled  water  being  added  after  boiling; 
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monia  in  which  the  sulphide  of  arsenic  is  soluble.  The  liquid  is  filtered 
aud  again  slightly  acidulated  with  hydrochloric  acid.  If  a  yellow 
precipitate  is  thi-own  down,  the  presence  of  arsenic  is  proved.  Tue  pre- 
cipitate of  sulphide  of  arsenic  may  be  weighed  and  thus  the  amount  of 
arsenic  determined. 

The  residue,  insoluble  in  carbonate  of  ammonia,  is  dried  and  fused 
with  a  mixture  of  carbonate  of  soda  and  nitrate  of  potash.  The  fused 
mass  is  dissolved  in  hydrochloric  acid,  and  in  the  solution  a  small  piece 
of  pure  metallic  zinc  is  immersed,  upon  which  the  tin  is  precipitated, 
when  all  the  zinc  has  been  dissolved  the  precipitate  which  subsides  is 
boiled  vidth  strong  hydrochloric  acid,  and  a  few  drops  of  a  solution  of 
con-osive  sublimate  or  bichloride  of  mercury  are  added.  If  now  a 
white  precipitate  consisting  of  calomel  or  protochloride  of  mercury 
be  thrown 'down,  the  presence  of  tin  is  proved.  From  the  quantity 
of  calomel  formed  the  amount  of  tin  present  may  be  estimated,  shoidi 
it  be  desired  to  carry  the  analysis  thus  far. 

The  separated  sulphides  of  lead  and  copper  are  now  boiled  with 
pure  nitric  acid,  and  the  solution  is  evaporated  on  the  water-bath  with 
the  addition  of  a  drop  or  two  of  sulphiu-ic  acid.  The  copper  passes 
into  solution  as  sulphate  of  copper,  while  the  lead  is  thrown  down  as 
sidphate,  which  may  be  collected  aud  weighed. 

If  an  appreciable  amount  of  copper  be  present,  the  colour  of  the 
solution  will  akeady  indicate  its  presence,  but  to  determine  it  quan- 
titatively a  solution  of  caustic  potash  is  added.     The  precipitated 
■  oxide  of  copper  may  be  collected  aud  weighed. 

On  the  detection  of  iron  and  zinc. — In°the  solution  of  the  ash  of 
vinegar,  in  which  sulphm-etted  hydrogen  has  either  failed  to  produce  a 
precipitate,  or  from  which  the  precipitate  has  been  separated  by  tiltra- 
tion,  the  iron  and  zinc  are  detected  as  follows  :— To  one  quantity  add 
i  excess  of  ammonia,  and  then  a  drop  or  two  of  sulphide  of  ammonium. 
If  a  black  precipitate  is  thro-mi  down,  iron  is  proved  to  be  present ; 
;  another  portion  is  boiled  until  all  the  sidphm-etted  hydrogen  is  driven 
,  away ;  caustic  potash  should  now  be  added  in  excess.  "^The  liquid  is 
I  filtered,  and  to  the  filtrate  a  drop  of  sulphide  of  ammonium  is  added. 
.  A  white  precipitate  or  turbidity  shows  that  zinc  is  present.    Of  course 
:  the  precipitates  in  each  case  shoidd  be  weighed  for  the  qiiautitative 
restimation  of  these  metals. 
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CHAPTER  XXXIX. 
PICKLES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

To  PEES0N8  uBacquainted  with  the  subject,  the  title  of  this  report, 

on  close  examimtioB,  often  tmB  out  to  M  inu 

cucunitos;  the  'yonnp  tender  toM    to  *?  fc, 

'^S£^lt:£:Ci^S£^«:^  in  .be  seotets  of  a  picMe 

the  consideration  of  which  Xn«P  which  refer  to  the  quality  and 
in  the  followincr  remarks,  ^J^f .™  '^f^eil  as  to  the  means 
composition  of  the  vinegar  ^^^^^  foi  p^cWi^^^^^  as  weU  a  ^^^^^^^ 

employed  for  Pi-es«]-^"g/^t^' f  ,'Sh  ^^^der  the  head 

„eans  of  the  -^t"Je°ClvV-^^  the  consumption 
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veo-etable  substauces,  oftener  than  is  perhaps  expected,  are  met  with 
impregnated  with  this  metal.  Nvuuerous  fatal  consequences  are 
known  to  have  ensued  from  the  use  of  these  stimulants  to  the  palate, 
to  which  the  fresh  and  pleasino-  hue  has  heeu  imparted  according  to 
the  deadly  formula  laid  down  in  some  modern  cookery  hooks ;  such 
as  boiling  the  pickle  with  halfpence,  or  suffering  them  to  stand  for  a 
considerable  period  in  brazen  vessels.' 

Dr.  Percival  ('  Medical  Transactions,'  vol.  iv.  p.  80)  has  given  an 
account  of  'a  young  lady  who  amused  herself  while  her  hair  was 
dressing  with  eating  samphii'e  pickles  impregnated  with  copper.  _  She 
soon  co^mplained  of  pain  in  the  stomach  ;  and  in  five  days  vomiting 
commenced,  which  was  ince.«sant  for  two  days.  After  this  her  stomach 
became  prodigiously  distended,  and  in  nine  days  after  eating  the 
pickles  death  relieved  her  from  her  suffering.' 

Among  many  recipes  which  modern  authors  of  cookery  books  have 
given  for  imparting  a  green  colour  to  pickles,  the  following  are  parti- 
cularly deserving  of  censure ;  and  it  is  to  be  hoped  that  they  will 
be  suppressed  in  future  editions  of  the  works  from  which  they  are  ex- 
tracted : — 

'  To  picJde  gherhhis. — Boil  the  vinegar  in  a  bell-metal  or  copper 
pot ;  pour  it  boiling  hot  on  your  cucumbers. 

'  To  make  greening. — Take  a  bit  of  verdigris  the  bigness  of  a  hazel- 
nut, finely  powdered,  half  a  pint  of  distiUed  vinegar,  and  a  bit  of  alum 
powder,  with  a  little  bay  salt.  Put  aU  in  a  bottle,  shake  it,  and  let  it 
stand  till  clear.  Put  a  small  teaspoonful  into  codlings,  or  whatever 
you  wish  to  gTcen.' 

jNIi'.  E.  Raffeld  dii'ects :  '  To  render  pickles  green,  boil  them  with 
halfpence,  or  allow  them  to  stand  for  twenty-foiu'  hours  in  copper  or 
brass  pans.' 

'  To  detect  the  presence  of  copper  it  is  only  necessary  to  mince  the 
pickles  and  to  pour  liquid  ammonia,  diluted  with  an  equal  bulk  of 
water,  over  them  in  a  stoppered  vial ;  if  the  pickles  contain  the  minutest 
quantity  of  copper,  the  ammonia  assumes  a  blue  colom'.' 

The  above  remarks  and  quotations  convey  a  somewhat  fearfril  pic- 
ture of  the  coloming  of  pickles. 

Results  of  Analyses  of  Samjiles. 

Ticenty-three  samples  of  picldes  of  different  descriptions,  including 
mixed piefiles,  India  pickles,  gherkins,  beans,  chillies,  &c.,  were  subjected 
to  chemical  examination,  with  the  following  results  : — 

1.  That  the  vinegar  used  for  pickling  is  often  of  a  very  iveak  descrip- 

tion, the  percentage  of  acetic  acid  ranging  between  1-48  and 
2'91.  It  will  be  remembered  that  in  our  last  report  we  stated 
that  vinegar  of  good  quality  ought  to  contain  from  four  to  Jive  per 
cent,  of  pure  acetic  acid. 

2.  That  nineteen  out  of  twenty  of  the  vinegars  submitted  to  analysis, 
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poor  as  they  were,  yet  owed  a  portimi  of  their  acidity  to  sulphuric 
acid,  the  amount  of  wbicli  varied  in  the  different  samples  from 
•38  to  2-52  in  the  1000  parts ;  the  largest  quantity  of  this  acid 
heiny  detected  in  the  vinegars  in  which  the  red  cabbages  were 
pickled. 

3.  That  in  the  whole  of  the  sixteen  diferent  jnclcles  analysed  for  copper, 

THAT  POISONOUS  METAL  WAS  discovered  in  various  amounts :  ttco 
of  the  samples  contained  a  small  quantity;  eight,  rather  much; 
one,  a  considerable  quantity  ;  three,  a  very  considerable  quantity  ; 
in  owe,  copper  was  present  in  highly  deleterious  amount  ;  and  in 
two,  in  poisonous  amounts. 

4.  That  the  pickles  which  contained  the  largest  quantity  of  copper,  were 

those  which  consisted  entirely  of  green  vegetables,  as  gherkins  and 

beans.  r    -u  •  i  - 

Notwithstandint?  the  statements  made  m  books,  some  ot  which  we 
have  noticed  at  the  commencement  of  this  report,  we  felt  convinced 
when  we  entered  upon  these  enquiries  that  so  poisonous  a  metal  as 
copper  was  now  rarely  if  ever  employed  for  the  mere  purpose  of 
hei'^hteuino-  and  preserving-  the  colour  of  green  pickles  :  we  are  there- 
fore hoth  surprised  and  grieved  at  the  character  of  the  results  to  which 
our  investigations  have  conducted  us.  We  are  happy  to  state  however 
that  since  the  analyses  above  recorded  were  made,  very  great  improve- 
ment has  taken  place;  indeed  the  practice  of  greenmg  pickles  with 
copper  is  now  being  gradually  abandoned. 

Pickles,  doubtless,  even  when  properly  prepared,  are  not  very  diges- 
tible •  but  we  now  see  that  much  of  the  iU  effects  so  generaUy  attributed 
to  theii-  use  must  result  from  their  impregnation  with  so  poisonous  a 
contamination  as  copper.  i    i  „ 

In  some  cases  copper,  usuallv  the  sulphate,  commonly  known  as 
blue  stone,  is  added  direct  to  the  vinegar  in  which  the  pickles  are  pre- 
served;  more  frequently,  however,  no  direct  addition  of  copper  is 
made,  but  a  sufficient  quantity  of  that  metal,  in  the  form  of  an 
acetate,  is  obtained  bv  the  repeated  boiling  of  the  vmeg-ar  in  copper 
vessels  but  since  vinegar  is  so  commonly  adulterated  with  smphunc 
acid,  sulphate  of  copper  is  generally  formed  as  well.  Thus  it  anioun  s 
to  precisely  the  same  thing  whether  the  copper  is  added  direct  to  the 
pickles,  or  whether  it  is  taken  from  the  copper  utensils  by  the  action 

of  the  acids  of  the  \inegar.  •  n  *i  „+ 

It  is  in  the  vineoar  employed  for  pickle-maknng  especially  that  we 

shoidd  expect  to  ^ni  pyroligmous  "^^^^ -^^^^^  ^f.^"^^^  .'^Z^^^'^ZX 
detected  by  the  slight  odoiu-  of  creosote,  from  which  it  is  so  difhcult 

*°  k's' of  importance  that  the  effect  of  the  action  of  the  sulphuric 
acid  contained  in  many  of  the  pickling  vinegars  on  the  colour  of  the 
pSles  should  be  determined. '  Our  own  impression  is,  that  it  would 

be  found  to  be  injurious.  „  aTp=<,v« 

A  visit  to  a  lai-ge  pickle  warehouse,  such  as  that  of  Messis. 
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Crosse  &  Blaclnvell,  during?  the  season  of  pickle  and  preserve  making, 
is  not  without  interest.  The  vast  piles  of  vegetables  and  fruit  ready 
to  be  sorted,  cut,  boiled,  &c.,  are  really  astonishing.  _ 

]t  appears,  however,  that  pickle-making  is,  to  a  great  extent,  inde- 
pendent of  the  seasons,  and  that  most  of  the  dillerent  kinds  ot  pickles 
may  be  made  at  any  period  of  the  year.  This  the  manulacturers 
are  enabled  to  do  bv  keeping  a  large  stock  of  the  various  vegetables 
immersed  in  brine  and  packed  in  barrels.  In  some  of  our  largest  estab- 
lishments many  hundred  barrels  thus  filled  may  be  seen.  Vs  e  are 
informed  that  the  greater  part  of  these  vegetables  come  from  abroad. 
It  is  alleged  that  they  are  kept  in  brine  for  the  sake  of  economy,  and 
that  they  woidd  be  preserved  far  better  in  vinegar, 

THE  DETECTION'  OF  THE  ADTJLTEEATIONS  OE  PICKLES. 

The  processes  employed  for  the  detection  of  all  the  more  usual 
adidterations  of  vinegar  have  abeady  been  described,  and  it  is  not 
necessary  to  repeat  them  in  this  place  ;  we  have  then  merely  to  point 
out  the  methods  by  which  the  presence  of  copper  in  picldes  is  to  be 
determined. 

Detection  and  Estimation  of  Copper. 

The  presence  of  copper  in  pickles,  bottled  fruits  and  vegetables, 
and  preserves,  is  often  unmistakably  indicated  by  their  colour. 

When  the  housekeeper  preserves  these  articles,  they  are  usually  of 
a  yellow  colour  rather  than  green,  but  as  exhibited  in  shop  windows, 
or  piu-chased  of  manufactm-ers  of  these  articles,  they  frequently  present 
a  -vdvid  bluish-gi-een  colom-,  more  intense  than  that  of  the  fresh  vege- 
tables or  fruit.  Whenever  these  articles  ai-e  of  a  decided  green,  they 
win  almost  always  be  found  to  contain  copper ;  but  when  they  are 
yellowish  or  brownish-green,  copper  is  never  present. 

This  metal  is  found  usually  both  in  the  pickles  and  in  the  vinegar  ; 
and  for  its  detection  the  following  processes  may  be  adopted  : — 50  cc. 
or  so  of  the  vinegar  should  be  pom-ed  into  a  test-glass,  and  in  this  a 
piece  of  thick  iron  wire,  having  a  smooth  and  polished  sm-face,  should 
be  immersed  for  a  few  hom's.  If  copper  be  present  it  will  become 
deposited  upon  the  wire,  forming  a  coating  more  or  less  complete  and 
thick,  according  to  the  quantity  present.  This  test  may  be  so  readily 
applied  that  we  recommend  the  public  to  make  use  of  it,  and  so  ascer- 
tain for  themselves  whether  the  pickles  they  are  consuming  contain  the 
poison  or  not.  If  only  a  very  small  quantity  of  copper  be  present  it 
will  be  quicldy  deposited  on  the  surface  of  the  iron. 

For  the  detection  of  copper  in  the  pickles  themselves,  the  following 
process  may  be  adopted. 

About  iOO  grammes  of  each  green  pickle,  after  having  been  sliced 
with  a  glass  knife,  are  to  be  incinerated,  care  being  taken  to  avoid 
every  source  of  contamination ;  the  ash  is  to  be  moistened  with  a 


648 


PICKLES  AND  THEIR  ADULTERATIONS. 


few  di'ops  of  pure  nitric  acid,  30  cc.  of  distilled  water,  after  the  lapse 
of  a  short  time,  are  added,  the  solution  filtered,  and  treated  with  excess 
of  ammonia.  If  copper  be  present,  the  solution  will  become  more  or 
less  blue,  according  to  the  amount. 

For  the  quantitative  estimation  of  copper  in  pickles,  we  must  pro- 
ceed as  follows : — 

200  to  300  graimnes  of  the  picldes,  including  a  fair  proportion  of 
the  vinegar,  must  be  evaporated  to  dryness,  then  incinerated :  the  ash 
treated  with  about  8  cc.  of  nitric  acid,  diluted  with  an  equal  quantity 
of  water ;  the  whole  boiled  for  a  few  minutes,  evaporated  to  drjTiess, 
the  residue  diluted  with  about  50  cc.  more  water,  boiled  again  for  a 
time,  the  solution  filtered,  and  the  copper  precipitated  by  means  of 
sulphuretted  hydrogen ;  the  sulphuret  of  copper  must  be  collected, 
dried,  weighed,  and  the  copper  determined. 
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OHAPTEE  XL. 

LEMON  AND  LI3IE  JUICES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTKKATION. 

Lemon  and  lime  juice  unmixed  with  alcohol  should  have  a  specific  gravity 
of  not  less  than  1034  ;  it  should  contain  not  less  than  7  per  cent,  of  water-free 
citric  acid,  and  should  fiimifh  nearly  9  per  cent,  of  total  solids. 

Lemon  jttice  is  obtained  by  expression  from  the  fruit  of  a  species  of 
lemon,  termed  Citrus  limonum,  one  of  the  Aurantiacea. 

Lime  juice,  which  corresponds  so  closely  with  lemon  juice,  is 
ohtained  from  another  species  of  lemon,  called  Citrus  limetta. 

Lemon  juice  consists  principally  of  mucus,  albumen,  sugar,  malic, 
hut  chiefly  citric  acid,  together  with  certain  saline  and  mineral  matters. 
According  to  Buignet,  100  parts  of  the  juice  contain  1-1  of  grape  sugar, 
0-4  cane  sugar,  and  47  per  cent,  of  free  acid.  Good  lemon  juice  shoidd 
furnish  a  larger  amoimt  of  free  acid  than  that  named,  and  shoidd  not 
contain  less  than,  according  to  Partes,  5-5  per  cent,  of  acid;  but  even 
this  amoimt  is  far  too  low,  and  it  should  certainly  come  up  to  at  least 
the  Board  of  Trade  standard,  6-8  per  cent,  of  acid.  According  to  Witt, 
lemon  juice  fiu^nishes  from  0'2  to  0-5  per  cent,  of  ash,  100  parts  con- 
taining 44-3  per  cent,  of  potash,  2-1  soda,  7'6  lime,  3-.3  magnesia,  12-5 
sulphuric  acid,  19-7  carbonic  acid,  7 'Q  phosphoric  acid,  VO  phosphate  of 
iron,  1'2  chlorine,  and  0  6  per  cent,  of  silica. 

Lime  juice  of  course  approximates  closely  in  its  composition  to 
lemon  juice,  but  it  is  said  to  have  a  lower  specific  gravity,  to  contain 
less  acid,  and  also  less  mucus. 

Lemon  juice  should,  according  to  the  British  Pharmacopoeia,  have 
a  specific  gravity  of  1-039,  and  it  should  contain  an  average  of  32-5 
grains  of  acid  to"  the  ounce,  equal  to  7*4  per  cent. ;  but  Mr.  Stoddart  is 
of  opinion  that  the  gravity  is  too  high  for  the  quantity  of  acid  men- 
tioned. He  gives  the  specific  gravity  as  ranging  from  1-040  to  1-045,  ' 
and  the  citric  acid  at  from  39  to  46  grains  per  ounce,  equal  to  from 
8-9  to  10-5  per  cent. 

The  Board  of  Trade  standard  is  a  specific  gravity  of  1-030  without 
spirit,  with  30  grains  of  acid  per  ounce,  equal  to  6-8  per  cent. 

The  total  solids  contained  in  genuine  lemon  juice  are  of  course 
subject  to  variation  within  certain  limits.  Dr.  Parkes  found  in  two 
samples  which  he  analysed  7"186  and  7-1828  per  cent.,  but  Mr.  Stod- 
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dart,  according  to  Parkes,  gives  a  lower  amount,  6-17.  There  must  lie 
some  error  here,  inasmuch  as  the  lowest  amount  of  citric  acid  iound 
by  Mr.  Stoddart  exceeds  the  total  solids  met  with  by  him.  The  ash 
fiu-uished  by  the  two  samples  referred  to  was  0-52  and  0-53  per  cent., 
of  which  0-38  was  soluble  ;  the  potash  amounting  to  0-12  per  cent.,  or 
half  a  grain  per  ounce,  and  the  phosphoric  acid  to  0-008  per  cent., 
equal  to  0-035  grain  per  ounce.  The  total  acidity  was  equal  m  citric 
acid  to  4-61  and  5-36  per  cent.,  giving  an  average  of  22  grains  ot  acid 

per  ounce.  ,       ,  „  ^    i-  t.  i 

The  alcohol  was  5  per  cent.,  equal  to  about  10  per  cent,  of  brandy^ 
Witt's  analyses  give  from  0-2  to  0-5  per  cent,  of  ash,  ot  which  44-o 
per  cent,  consisted  of  potash,  so  that  if  the  ash  was  0-5  per  cent.,  the 
potash  would  be  0-9  grain  in  an  ounce. 

The  phosphoric  acid  was  from  0-015  to  0-038  per  cent.  These 
small  quantities  of  potash  and  phosphoric  acid  seem  to  clearly  estabhsh 
the  fact  that  the  value  of  lemon  juice  does  not  depend  m  any  way  upon 
those  constituents.  .  . 

Lime  juice,  as  already  noticed,  has  a  somewhat  lower  specifac  gravity 
than  lemon  juice-namely,  it  is  said,  1-087— and  it  is  stated  to  furmsh 
about  32-2  grains  of  acid  per  oimce,  equal  to  7-3  per  cent. 

The  lemon  jmce  used  for  shipping,  and  in  fact  that  usuaUv  met 
with  in  commerce,  is  said  to  be  prepared  either  m  Sicily  or  m  the 
West  Indies,  and  to  be  mixed  with  a  proportion  of  spirit,  generaUy 
brandy  or  whisky,  while  olive  oil  is  poured  on  the  top.  it  the  spmt 
beadcled  in  the  i3roportion  of  1  to  10,  it  of  com-se  diminishes  the  citnc 
acid  one-tenth,  and  in  malring  an  analysis  of  lime  juice  this  fact  must 
be  held  in  remembrance.  About  1  ounce  ot  brandy  is  added  to  10 
ounces  of  the  juice.  Sometimes  the  juice  is  boiled  and  no  spmt  added. 
Juice  of  good  quality  will  keep  for  years,  but  badly  preserved  jmce 
will  qmckiy  spoil,  becoming  turbid  and  mucilaginous,  the  citric  and 
malic  acids  being  decomposed.  .  _  -u  •    ^  -ui^ 

We  consider  the  addition  of  spirit  to  lemon  jmce  very  objectionable, 
since  in  manv  cases  in  which  the  jmce  is  admimstered  tl^*;. 
tained  in  it  is  likely  to  exert  an  injurious  effect.  Moreover  this  addi- 
tion reduces,  as  baJah-eady  been  pointed  out,  to  the  -tent  of  on^^^^^^^^^ 
thereaUy  vakxable  constituent  ot  the  J^^^^-^f^i^lj' ^^f^^^^-^^^^ 
Another  objection  is  thatthe  spmt  enhances  greatly  the  co  t  of  the  jmc^ 
Citric  acid  occurs  in  a  great  variety  of  frmts-m  all  the  vaiiou^ 
specYes  of  oranges,  lemons,  Umes,  and  citrou,  in  ^^'-rj-^s  jo^err^ 
/aspbernes,  strawberries,  cherries,  tamarinds,  whortleberries,  and  man) 

"%rlp!!^ation  of  citric  acicl.-This  acid  is  ^^^^ained  from 

lemon  i^dce.  The  juice  is  allowed  to  undergo  a  slight  degree  of  fer-- 
rntatrn  it  is  then  filtered  and  neutralised,  first  with  chalk  and  then 
S  cltic  lime,  an  insoluble  citrate  of  lime  beii^^  hij  formed^ 
Every  10  parts  of  this  salt  are  decomposed  by  a  mixtiu-e  ot  J  parts  oi 
sulph^iric  acid  to  56  of  water.    The  sulphate  of  hme  now  formed  is 
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wilslied  with  cold  water,  and  the  liltrate  and  washings  are  boiled  down 
in  a  leaden  vessel  until  the  liquor  has  a  specihc  gravity  of  1-13.  It  is 
then  further  concentrated  on  a  water-hath  until  a  crystalline  film 
begins  to  form ;  the  liquid  is  allowed  to  cool,  when  the  citric  acid 
crystallises.  If  it  were  further  concentrated  the  excess  of  sulphuric 
acid  woidd  char  the  citric  acid,  and  convert  the  whole  into  a  black 
mass.  The  crystals  are  dissolved  and  recrystallised  four  or  live  times 
in  succession.  "  The  mother-liquors  are  then  treated  with  chalk  in  the 
same  manner  as  the  fresh  lemon  juice. 

In  France  the  citrate  of  lime  is  bleached  with  chloride  of  lime 
before  it  is  decomposed  wdth  sidphm-ic  acid.  In  this  coimtry  citric 
acid  is  usually  made  from  a  blaclc,  treacle-like  liquid  imported  from 
Sicily,  and  which  is  obtained  by  the  inspissatiou  of  the  expressed  juice 
of  the  lemon,  after  the  rind  has  been  removed  to  be  used  for  the  sake 
of  its  essential  oil. 

*  To  obtain  an  exportable  material  for  the  manufacture  of  citric 
acid,  Perret  treats  clarified  lemon  juice  with  excess  of  magnesia ; 
washes  the  resulting  insoluble  gramdo-crystalline  magnesium  salt  with 
cold  water ;  redissolves  it  in  hot  lemon  juice  ;  and  evaporates  the  solu- 
tion rapidly,  whereby  a  bibasic  magnesimn  citrate  is  obtained  in  a 
form  convenient  for  exportation  to  the  manufactories.  G.  Schnitzer 
recommends  that  the  warmed  fresh  lemon  juice  be  mixed  with  a 
quantity  of  lime  or  chalk  not  quite  sufficient  to  neutralise  the  acid 
reaction,  because  an  excess  of  lime  likewise  precipitates  those  consti- 
tuents of  the  juice  which  excite  fermentation  and  occasion  loss  of  citric 
acid.  The  calcium  citrate  precipitated  as  above  may,  after  once  wash- 
ing and  rapid  drying,  be  kept  for  a  long  time  without  decomposition. 
F.  Rowe  dilutes  the  concentrated  lemon  juice  imported  from  Sicily 
with  water,  to  facilitate  the  clarification.  He  also  removes  the  inju- 
rious excess  of  sulphuric  acid  which  accumulates  in  the  concentrated 
solutions  of  citiic  acid  obtained  by  decomposition  of  the  calciiun  salt, 
by  renewed  treatment  with  lime,  whereby  flocculent  matters,  consisting 
of  gypsum  and  phosphates  which  interfere  with  the  crystallisation,  are 
likewise  removed.  A  great  improvement,  introduced  by  E.  A.  Pontifex, 
in  the  manufacture  of  citric  acid  (also  in  that  of  tartaric  acid)  is  the 
use  of  a  vacuimi  pan  for  the  final  evaporation  of  the  solution.' — 
'  Watts's  Dictionary.' 

Properties  of  citric  acid. — Citric  acid,  OijITaO-,  is  a  tribasic  acid, 
and  crystallises  in  two  forms.  The  one  consists  of  large  trimetric 
prisms,  containing  one  molecule  of  water  of  crystallisation.  This  is  its 
usual  form ;  they  effloresce  in  the  air  at  a  temperatm'e  between  28° 
and  50°  0.,  and  lose  their  water  of  crystallisation  at  100°  0.  The 
crystals  of  the  second  form  are  deposited  from  a  saturated  boiling 
solution,  and  they  contain  1  molecule  of  water  to  2  of  citric  acid,  th,6 
water  being,  according  to  some  chemists,  only  mechanically  enclosed. 

It  is  soluble  in  0-75  parts  of  cold,  and  in  0-5  parts  of  boiling  water. 
It  is  readily  soluble  in  alcohol,  but  insoluble  in  ether. 
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Lime  water  added  iu  great  excess  to  a  concentrated  solution  of 
citric  acid  occasions  a  precipitate  of  citrate  of  lime.  The  amount  of 
the  precipitate  is,  however,  greatly  increased  hy  boiling  the  mixture, 
owing  to  the  greater  insolubility  of  the  citrate  of  lime  in  boiling  water ; 
but  the  citrate  is  redissolved  as  the  solution  cools.  It  is  discruninated 
from  tartaric  and  racemic  acids  by  the  fact  that  while  the  acid  potas- 
sium salts  of  the  latter  acids  are  insoluble,  that  of  the  citric  acid  is 
soluble  in  water.  But  the  distinction  is  further  shown  by  the  tartaric 
acid  being  precipitated  by  an  ammoniacal  solution  of  chloride  of  calcium, 
while  citrate  of  lime  is  only  precipitated  after  the  addition  of  alcohol. 

When  a  solution  of  even  pure  citric  acid  is  kept  for  some  tune  ex- 
posed to  the  ail-  it  becomes  covered  with  a  fungus.  Fm-ther,  when 
mixed  with  chalk  and  a  little  yeast,  and  subjected  to  a  temperatm-e  of 
from  20°  to  30°  0.,  it  is  decomposed  and  fiu-nishes  acetic  and  butyric 

Heated  in  a  retort,  citric  acid  melts  in  its  water  of  crystallisation, 
and  even  boils,  when  the  water  is  given  off  and  condenses  in  the 
receiver.  At  about  175°  0.  it  is  decomposed,  carbonic  oxide  being  dis- 
engaged, and  acetone  passes  over.  The  residue  in  the  retort  consists  of 
acomtic  acid.  If  the  distillation  be  foi-ther  continued,  carbonic  acid  is 
given  off  and  crystals  of  itaconic  acid  appear. 

Fused  with  'potash  it  is  decomposed  into  oxalic  and  acetic  acids. 
It  also  yields  oxalic  acid  when  heated  with  strong  nitric  acid._ 

Strong  sulphuric  acid  occasions  a  disengagement  of  ca.rbonic  oxide, 
and  if  the  temperature  be  raised,  acetone  and  carbonic  acid  a.i-e &vo\yei, 
while  the  residual  mass  becomes  of  a  dark  brown  colour. 

By  oxidation  with  permanganic  acid,  a  strongly  in-itating  body,  pro- 
bably acroleine,  is  formed,  together  with  an  acid  analogous  to  acnjlic 

acid.  ,      n  ■ 

Citric  acid  prevents  the  precipitation  of  the  salts  of  iron,  manganese, 

and  aluminium,  on  the  addition  of  alkalies. 


THE  ADTJITBRATIONS  OP  LEMON  JtTICE. 

I^aier.— Sometimes  the  strength  of  the  lime  juice  is  greatly 
reduced  by  an  addition  of  water,  in  which  case  it  wiU  be  apt  to  spoil, 
unless  the  mixture  contain  a  considerable  percentage  of  alcohol,  ilus 
adulteration  would  be  discovered  by  the  specific  gravity  ol  the  dealco- 
holised  juice  restored  to  its  original  volume,  and  by  the  dimimshed 
amount  "of  citric  acid  therein  contained.  ,     .  a 

Sugar.— KnQth.QT:  adulteration  is  with  sugar,  whereby  its  tlavour  is 

'^^^TrSwc  rtc/f^.— This  acid,  being  very  much  cheaper  than  citric  acid, 
is  sometimes  substituted  for  that  acid,  either  wholly  or  m  part. 

Sulphuric  flc/^^.-This  is  by  far  the  most  common  adulterant  of  lemon 
juice,  and  no  doubt  its  substitution  for  citric  acid  is  a  g™ss  ^^ud  and 
one  hicrhly  injurious  to  the  health  of  those  who  partake  of  the  juice 
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thus  adulterated.  It  has  heen  affirmed  that  the  sulphuric  acid  is  added 
to  make  the  juice  keep  hettev,  hut  this  ohject  may  he  ellected  in  less 
ohiectionahle  ways,  as  hy  hoiliup;  the  juice,  or  covering'  it  with  a  layer 
of  oil  •  hut  it  may  he  questioned  whether  the  addition  of  sulphuric  acid 
does  really  cause  it  to  Iveep  for  a  longer  period,  since  it  is  very  certain 
that  on  lime  iuices  which  contain  free  sulphuric  acid  a  scum  of  peni- 
cillium  quiclily  forms,  and  is  thicker  and  more  ahundant  than  on  the 

genuine  iuice.  ,     . ,         ,  •  n      j  • 

Hydrochloric  «C2VZ.— Another  mineral  acid  sometimes  employed  is 
hydrochloric  acid,  which  is  also  very  ohjectionahle  as  a  suhstitute  for 
citric  acid.  Fm-thermore,  as  has  heen  already  more  than  once  men- 
tioned, hydrochloric  acid  is  frequently  contaminated  with  large  quan- 
tities of  arsenic.  ,  .  ,  ,  ,  •  ■,  ^  t  ^ 
Nitric  acid. — A  third  mineral  acid  which  has  heen  said  to  be  used 
in  the  adulteration  of  lemon  juice  is  nitric  acid,  hut  we  have  never  met 
with  this  adidterant,  and  we  helieve,  for  reasons  hereafter  given,  that 
its  employment  is  extremely  imlikely. 

Factitious  lemon,  juice. — Very  frequently,  in  place  of  the  lemon  juice 
heing  adidterated,  acid  liquids  are  suhstitnted  for  it  which  do  not  con- 
tain a  drop  of  the  juice  of  the  lemon.  These  liquids  may  he  variously 
compounded.  The  usual  receipt  for  the  preparation  of  factitious  lernon 
juice  is  as  follows  : — The  citric  acid  is  dissolved  in  water,  the  solution 
"heino-  flavom-ed  with  a  spirituous  essence  of  lemon.  The  flavour  of  the 
mixture  is,  however,  not  like  that  of  the  real  juice,  while  the  suhsti- 
tution  is  discovered  hy  the  weight  and  characters  of  the  residue  left  on 
evaporation. 

Of  twenty  samples  of  lemon  juice  analysed  hy  Mr.  Stoddart,  in 
1868,  seven  were  genuine,  five  contained  water,  eight  were  artificial, 
tartaric  acid  was  present  in  one  sample,  and  sulphiu-ic  acid  in  another. 

THE  DETECTION  OF  THE  ADHLTERATIONS  OE  LIME  AND  LEMON  JUICES. 

In  making  analyses  of  lemon  and  lime  juices  with  a  view  to  detect 
adulteration,  it  is  necessary  to  hear  in  mind  the  standard  or  standards 
which  have  akeady  heen  referred  to  as  characteristic  of  lemon  juice  of 
good  quality.  According  to  the  Pharmacopoeia,  it  shoidd  have  a 
specific  gravit}'  of  1-039,'and  should  furnish  32-5  gi-ains  of  citric  acid 
per  oimce,  equal  to  7-4  per  cent.  But  it  must  he  rememhered  that  this 
applies  to  the  imalcoholised  juice,  while  the  Board  of  Trade  standard 
is  a  specific  gravity  of  1-030  without  spirit  and  30  grains  of  acid  per 
ounce,  equal  to  6-8  per  cent,  of  acid. 

In  making  an  analysis  of  a  sample  of  the  juice  the  fii'st  thing  to  he 
done  is  to  take  its  specific  gravity,  which  is  most  accurately  deter- 
mined hy  the  specific  gravity  hottle.  If  alcohol  he  present,  the  liquid 
shovdd  he  evaporated  to  fidly  one-half,  and  restored  to  its  original 
volume  hy  an  addition  of  water,  when  the  specific  gravity  is  to  he 
again  talcen. 

The  points  now  to  he  determined  are  the  acidity,  the  total  solids, 
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the  amount  of  mineral  matter  and  the  alkalinity  of  the  ash,  the  per- 
centage of  sugar  and  of  sjnrit. 

If  all  these  results  correspond  with  those  obtained  from  the 
examination  of  genuine  lemon  juice,  we  shall  have  reason  to  believe 
that  we  are  dealing  with  a  genuine  sample,  but  this  by  no  means 
necessarily  follows,  as  it  may  possess  the  right  specific  gravity,  acidity, 
total  solids,  and  yet  not  contain  a  particle  of  lemon  juice.  This  renders 
it  necessary  that  the  analysis  shoidd  be  carried  still  further.  Thas 
search  must  be  made  for  cane  sugar,  tartaric,  sulphuric,  hydrochloric, 
and  nitric  acids,  but  especially  the  first  two  acids  named,  and  attention 
must  also  be  paid  to  the  amount  and  composition  of  the  ash. 

We  will  now  proceed  to  describe  the  various  steps  of  the  analysis. 

Acidity. — The  acidity  is  determined  in  50  cc.  of  the  jvuce  either  by 
the  employment  of  a  weighed  quantity  of  pure  carbonate  of  soda,  or, 
better  still,  by  means  of  a  standard  solution  of  caustic  potash  contain- 
in"-  one  equivalent  of  caustic  potash  in  1,000  cc.  The  quantity  of 
alliali  used  is  to  be  calculated,  notwithstanding  the  presence  of  a  small 
quantity  of  malic  acid,  into  citric  acid,  the  chief  acid  of  the  lemon 
juice.  1,000  cc.  of  the  solution  of  potash  satm-ate  64  gi-ammes  of 
anhydrous  citric  acid,  OgHgO,,  or  70  grammes  of  the  ordinary  crystal- 
lised citric  acid. 

On  the  detection  of  citric  and  malic  acids. — Exact  chemical  methods 
for  the  estimation  of  these  acids,  especially  when  they  are  mixed  with 
other  organic  acids,  do  not  exist ;  we  merely  give,  therefore,  certain 
qualitative  tests  whereby  the  presence  of  these  two  acids  can  be 
detected. 

The  lemon  juice  to  be  tested  is  rendered  slightly  alkaline  by  means 
of  ammonia ;  chloride  of  ammonium  and  then  chloride  of  calcium  is 
•  added,  the  mixture  being  well  shaken  and  allowed  to  stand  for  some  time. 
If  any  precipitate  appear,  this  will  consist  in  all  probability  of  tartrate 
of  lime,  which  is  separated  by  filti-atibn,  and  to  the  filtrate  three 
volumes  of  strong  alcohol  are  added,  whereby  the  citric  and  malic 
acids  will  be  precipitated  as  lime  salts.  The  precipitate  is  separated 
by  filtration,  washed  mth  alcohol,  and  dissolved  in  a  little  dilute 
hydrochloric  acid.  The  solution  is  rendered  very  slightly  alkaline  by 
means  of  ammonia,  and  is  then  boiled.  A  white  heavy  precipitate, 
thrown  down  by  boiling,  conclusively  proves  the  presence  of  citric  acid. 
The  boiling  liquid  is  filtered,  allowed  to  cool,  and  again  precipitated  as 
above  by  rneans  of  alcohol.  The  precipitate  is  boUed  with  some  strong 
nitric  acid.  Any  malic  acid  present  will  thereby  be  converted  into 
oxalic  acid,  which,  after  neutralisation  with  ammonia,  may  be  detected 
by  the  addition  of  a  solution  of  sulphate  of  Ikne.  A  white  turbidity 
of  oxalate  of  lime  establishes  tlie  fact  of  the  presence  in  the  lime  juice 
of  malic  acid. 

Total  solids.— For  the  determination  of  these,  10  cc.  are  to  be  eva- 
porated on  the  water-bath  in  a  weighed  platinum  basin  until  the  weight 
becomes  constant. 

Mineral  matta:— The  dried  solids  are  now  to  be  incinerated,  the 
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ash  weio-hed,  and  its  aUmlinity  determiued  with  a  standard  sulpluiric 
acid  solntion,  containing'  40  g:ranmies  of  sulphuric  acid  m  1,000  cc.  The 
obiect  of  determinino-  the  alkalinity  of  the  ash  is  simply  to  ascertain 
whether  free  mineral  acids  were  present  in  the  juice  or  not  Ot 
course,  if  those  acids,  especially  sulphuric  acid,  have  been  added,  the 
ash  will  not  exhibit  an  alkaline  reaction.  _ 

Su(/ar.— From  200  cc.  of  the  lime  juice  most  of  the  citric  acid  is 
removed  by  the  addition  of  a  solution  of  basic  acetate  of  lead,  an  excess 
of  which  is  to  be  avoided.  i  xi 

In  the  liquid,  after  it  has  been  rendered  exactly  neutral,  the 
(^lucose  is  determined  by  means  of  the  standard  copper  solution,  in  the 
manner  described  in  the  article  on '  Sugar.' 

Another  part  of  the  same  solution,  freed  from  the  citric  acid  as 
above  mentioned,  is  boiled  for  two  hom-s  with  a  few  drops  of  sulphm-ic 
acid,  in  order  to  convert  any  cane  sugar  which  may  be  present  into 
n-lucose,  w^hich  is  then  to  be  estimated  in  the  same  manner  as  before. 
100  parts  of  glucose  correspond  to  95  parts  of  cane  sugar. 

^Zco/(o/.— 100  cc.  of  the  lime  juice  are  neutralised  with  caustic 
soda  and  the  alcohol  is  distilled  off.  The  specific  gravity  of  the  dis- 
tillate is  to  be  ascertained,  and  from  it  the  quantity  of  alcohol  present 
is  calculated,  as  at  length  described  in  the  articles  on '  Beer '  and '  Wine.' 

Tartaric  acid.— oO  cc.  of  the  lemon  juice  are  to  be  neutralised 
with  ammonia,  and  a  solution  of  chloride  of  calcimu,  containing  some 
chloride  of  ammonimn,  is  added.  The  liquid  is  allowed  to  stand  for 
some  hours,  when,  if  any  tartaric  acid  be  present,  a  crystalline  pre- 
cipitate of  tartrate  of  lime,  04H^Ca06,  ffl^O,  will  be  deposited,  which 
may  be  collected  on  a  filter,  washed,  dried,  and  weighed.  But  it  must 
be  remembered  that  this  precipitate  may  contain  sulphate  of  lime ;  an 
estimation  of  the  sulphuric  acid  in  it  should  therefore  be  made. 

But  the  amoimt  of  tartaric  acid  is  more  accurately  determined  by 
adding  to  the  lemon  juice  a  solution  of  acetate  of  potash  and  a  voliuue 
of  alcohol  equal  to  that  of  the  lemon  juice  employed.  The  ta,rtaric 
acid  will  be  precipitated  as  acid  tartrate  of  potash,  C^UgKOg,  if  the 
solution  be  allowed  to  stand  for  24  hours.  Care  should  be  taken  not 
to  touch  the  sides  of  the  glass  with  the  rod,  as  crystals  of  the  tartrates, 
which  adhere  fii-mly  to  the  glass,  are  consequently  deposited. 

Sulphuric  acid.— The  sulphuric  acid  is  to  be  precipitated  from 
50  cc.  of  the  lemon  iuice  by  means  of  a  solution  of  chloride  of  bariimi 
rendered  acid  by  the  addition  of  a  few  drops  of  hydrochloric  acid ;  the 
sidphate  of  barium  is  to  be  collected  on  a  filter,  washed,  incinerated, 
weighed,  and  calculated  for  sulphiuic  acid.  Genuine  lemon  juice  con- 
tains little  more  than  traces  of  sulphuric  acid,  and  hence  for  all  prac- 
tical purposes  the  whole  of  the  sidphuric  acid  found  in  the  juice 
may  be  con.-;idered  as  free  sulphuric  acid. 

'Hydrochloric  ffceVZ.— The  quantity  of  hydrochloric  acid,  lilre  that  of 
sulphuric  acid,  contained  in  lemon  'juice  is  very  small.  If,  therefore, 
more  than  traces  be  found  in  a  sample,  it  may  be  safely  assumed  that 
an  addition  of  hydrochloric  acid  has  been  made.    This  is  determined 
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"by  precipitation  with  a  solution  of  nitrate  of  silver,  as  described  in  the 
article  on  '  Water.' 

Nitric  acid. — The  presence  of  nitric  acid  may  be  determined  by 
neutralisinp;  the  lime  juice  with  pure  soda,  and  reducing  the  nitrates 
to  ammonia  by  means  of  aluminium,  as  described  under  the  head  of 
'  Water.'  The  iron  and  brucine  tests  may  be  employed  as  qualitative 
tests. 

It  is  extremely  unlikely  that  nitric  acid  has  ever  been  employed  m 
the  adulteration  of  lime  juice,  for  it  would  act,  even  in  the  dilute  state, 
upon  the  many  organic  substances  contained  in  that  liquid,  and  it 
would  itself  be  reduced  to  nitric  oxide,  imparting  a  disagreeable  smell 
to  the  article,  completely  spoiling  it,  in  fact. 

One  great  characteristic  of  genuine  lemon  juice  consists  in  the  plea- 
sant taste  and  fragrant  odour  of  the  extract. 

Results  of  Examination  of  Samples. 


Lemon  Juice. 


Spec.  Grav. 

Alcohol. 

Citric  Acid, 
C,H.O,. 

■  Total  Solids. 

"3 

C  0) 

T.artaric 
Acid. 

Sulphuric 
Acid. 

_o 
c 
•f? 

u  -A 

1  Crosse  &  Blackwell 

2  Barnes  &  Co. 

3  H.  R.  H. 

4  .       .       .  . 

5  .      .      .  . 

1035-16 

1034-  72 
1020-96 

1035-  20 
1023-56 

None 
)) 
)) 
J) 
j» 

7-776 
7-648 
2-728 
7-782 
4-081 

8-990 

8-  976 
4'6]0 

9-  270 
7-154 

0-262 
0-314 
0-212 
0-353 
0-110 

None 
») 
j> 
11  - 
11 

0-002 
0-002 
0-8-25 
0-002 
0001 

Trace 
»» 
»» 

Lime  Juice. 

i 

c5 
a 

a 

o 
u 

.'H 

T 
<1 

1 

3 

03 

? 

CO 

"3 

o 

EH 

II 

o 

S<j 

p 

0 
0 

°l 

>i 
w 

1  Crosse  &  Blackwell 

2  H.  R.  H. 

3  .      .      .  • 

4  .       .       .  • 

5  .      .      .  • 

6  .      .      .  . 

1036-  04 
1018-40 

1037-  84 
10-26-48 
1034-92 

1038-  88 

None 
)) 

» 

») 

7-168 
3-472 
7-680 

6-  605 

7-  155 
7-399 

8-  915 
5-065 

9-  412 

8-  583 

9-  530 
9-670 

0-465 
0-395 
0-473 
0-390 
0-330 
0-437 

None 
11 
11 
11 
•1 
11 

0-0021 

0-434 

0-0018 

0-002 

0-001 

0-001 

Trace 
11 
11 
11 
11 
11 

Of  the  five  samples  of  lemon  juice  examined,  the  results  of  the 
analyses  of  which  are  given  above,  judged  by  the  Board  of  Trade 
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standard,  which  requires  a  specific  gravity  of  1030  with  6-8  per  cent, 
of  acid,  it  will  be  seen  that  three  of  the  samples  exceeded,  both  in 
respect  to  their  gravity  and  in  the  amount  of  acid,  tlie  above  standard, 
while  two  were  greatly  below  it,  beiug  obviously  adulterated,  the  one 
with  a  large  quantity  of  water,  and  the  other  with  both  loater  and  sul- 
■phuric  acid. 

Of  the  six  lime  juices  examined,  four  exceeded  the  standard  above 
referred  to,  while  the  lifth  sample  was  only  slightly  below  it,  and  the 
sixth  was  adulterated  with  a  large  quantity  of  both  water  and  sulphunc 
acid. 

It  is  obvious  from  these  analyses  that  the  Board  of  Trade  specihc 
gravity  is  too  low  for  the  amoimt  of  acid  which  they  specify,  and  that 
the  gravity  should  not  be  less  than  1034,  while  the  proportion  of  acid 
met  with  in  the  genuine  lemon  and  lime  juices  of  commerce  usually 
exceeds  by  nearly  one  per  cent,  the  standard  laid  down  by  the  Board. 


VV 
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CHAPTER  XLI. 
SAUCES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Anv  free  sulp^iuric  ncid  beyond  the  proportion  allowfd  in  thfl  vineprar  with 
wliich  "they  are  prepared,  or  any  other  mineral  acid  ;  red  ferruginous  earths,  lead, 
and  copper. 

A  &EEAT  variety  of  substances,  chiefly  ve<retable,  enter  into  the  com- 
position of  the  "various  sauces  in  use.  The  following  is  an  enimiera- 
tion  of  the  chief  of  these  :— Tomato,  o-arlic,  shallot,  son-el,  mushroom 
and  walnut  catsup,  raisins,  tamarinds,  the  seeds  of  fenugreek  and 
ciunin,  the  leaves  of  a  variety  of  herhs^  as  tarragon,  chervil,  mint, 
thyme,  marjoram,  &c.,  the  seeds  of  an  Indian  plant  called  Dolichos 
soi'a  or  sci/a,  of  which  sov  is  made  ;  a  variety  of  spices  and  condiments, 
as  pepper,  Cayenne,  mustard,  mace,  cloves,  ginger,  and  nearly  all  the 
other  spices ;  salt,  treacle,  and  bm-nt  sugar  as  colom-ing  agents,  and 
flour  as  a  thiclreninf?  ingi-edient.  Out  of  the  above  articles,  variously 
combined,  and  in  diflBrent  proportions,  nearly  all  the  sauces  in  use  are 
compoimded.  Into  the  composition  of  some  few,  however,  animal 
substances  enter,  as  the  muscidar  fibre  of  shrimps,  lobster,  and  an- 

The  following  are  the  chief  results  deducible  horn  a  consideration 
of  the  analyses  of  thirty-three  samples  of  sauce  of  different  kinds  :— 

1  That  treacle  and  much  snlt  formed  the  basis  of  the  five  samples  of 

India  Sot  examined,  if  they  did  not  even  entirely  consist  of 
these  two  ingredients.  . 

2  That  of  the  seven  samples  of  Tomato  Sauce  analysed,  six  were 

artificially  colom-ed,  one  probablv  with  cochineal,  and  the  rest  by 
the  addition  of  considerable  quantities  of  the  ferrugmous  pigment 
hole  armenian.  .  x  j 

3.  That  the  samples  of  Essence  oe  Lobsters  examined  were  satm-ated 

with  very  large  quantities  of  bole  armenian. 

4.  That  the  skmples  of  Essence  of  Shrimps  were  impregnated  to 

an  equal  extent  with  hole  armenian. 
That  the  whole  of  the  samples  of  Essence  op  Anchovies  analysed 
were  adulterated  with  very  large  quantities  of  the  ferruginous 
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6.  That  three  of  the  samples  of  Essence  of  Ancliomj  contained  but  a 

small  quantity  of  muscular  Jihre. 

7.  That  two  of  the  samples  contained  a  portion  of  Jlou7- — one  being 

a  sample  of  essence  of  shrimps,  and  the  other  of  essence  of 
lobster. 

8.  That  out  of  the  eighteen  red  sauces  submitted  to  examination,  no 

less  than  sixteen  contained  bole  armenian,  and  this  usually  in 
very  large  quantities,  far  exceeding  the  amounts  detected  in  any 
of  the  potted  meats  and  fish. 

9.  That  LEAD,  for  which  separate  analyses  were  made  in  each  case, 

was  not  detected  in  a  simjle  instance. 
10.  That  traces  only  of  COPPER  loere  discovered  in  some  three  or  four 
samples. 

The  above  results,  then,  regarded  as  a  whole,  although  bad  enough, 
are  yet  not  so  bad  or  serious  as  the  account  given  by  Accum  and  some 
other  wi-iters  of  the  adulteration  of  anchovy  paste,  &c.,  would  lead  us 
to  infer,  since  lead  was  not  detected  in  a  single  instance.  There  is  no 
doubt,  however,  but  that  lead  does  sometimes  occur.  Mitchell  states, 
'  several  samples  which  vv'e  have  examined  of  this  fish  sauce, "  poisonous 
anchovy  sauce,"  have  been  found  contaminated  with  lead.' 

Fm-ther,  it  is  more  than  probable  that  the  muscular  fibre  in 
several  of  the  samples  of  anchovy,  lobster,  and  shrimp  sauce,  con- 
sisted either  entii-ely  or  in  part  of  the  fibre  of  other  inferior  and 
cheaper  fish. 

The  only  effectual  remedy  against  certain  of  the  adulterations  of 
the  sauces,  especially  the  fish  sauces,  consists  in  their  preparation  at 
home.  Receipts  for  several  of  the  sauces  are  given  at  page  612  of 
the  author's  work,  '  Food  and  its  Adulterations.' 

It  appears,  then,  that  the  red  sauces,  as  shrimp,  lobster,  anchovy, 
and  tomato  sauces,  at  the  time  of  the  analyses  the  results  of  which 
we  have  just  quoted,  were  almost  invariably  highly  coloured  with  bole 
armenian.  Since  that  period  however,  this  practice  has,  we  are  happy  to 
state,  been  nearly  abandoned.  The  ferruginous  substance  just  named  is 
a  natural  earth,  containing  a  large  quantity  of  the  red  oxide  of  iron  ;  but 
frequently  an  article  is  made  in  imitation  of  it,  consisting  of  a  mixture 
of  Venetian  red  and  chalk.  Of  this  red  earth  or  dirt  as  much  as  from 
10  to  15  lbs.  are  added  to  100  gallons  of  anchovy  sauce. 

Cooks  often  colour  the  sauces  prepared  by  them  for  the  table  with 
carmine ;  this  when  genuine,  is  an  animal  colour,  but  it  is  frequently 
adulterated  with  vermilion. 

Perceiving  clearly  the  evils  connected  with  the  employment  of 
artificial  colouring  matters,  many  of  the  most  respectable  manufac- 
turers have,  to  a  very  great  extent,  abandoned  their  use,  except  in  the 
case  of  anchovy  sauce,  which  they  state  to  be  unsaleable  without  a 
small  quantity  of  the  colom-ing  matter.  The  difference  between  the 
ordinary  coloiu-ed  and  the  uncoloured  sauce  is  very  strilring ;  the  first 
is  usually  bright  red  —  as  red,  in  fact,  in  some  cases,  as  a  brickbat, 
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this  redne38  arising  entirely  from  the  introduction  of  the  hole  anue- 
nian— while  the  other  is  usually  of  a  pinkish  fawn  colour. 

The  various  colouring  matters  to  which  reierence  has  abeady  been 
so  fi-equently  made  are  used  not  merely  for  the  sake  ot  increasing  the 
colour  of  the  articles,  and  thus,  as  it  is  very  often  en-oneously  considered, 
imurovino-  their  appearance,  but  lik-ewise  for  other  purposes,  especially 
to  conceal  other  adulterations ;  thus,  when  very  large  quantities  of 
wheat  flour  are  added  to  mustard,  or  flour  and  sug^i-  to  cocoa  the 
natural  colour  of  those  articles  becomes  so  reduced  that  the  addition 
of  some  foreign  colouring  matter  is  rendered  necessary.  _ 

Not  unfrequently  the  use  of  these  coloming  matters  involves  con- 
siderations of  cleanliness;  this  is  so  in  the  case  of_  anchory  sauce. 
The  Quantity  of  refuse  matters  and  dirt  contained  in  the  hsh  Ironi 
^vhich  this  is  prepared  is  often  very  great;  and  it  is  the  presence  of 
these  more  than  anything  else  which  causes  the  sauce  to  present  a 
somewhat  unsightly  appearance  before  the  red  earth  is  added,    it  is 
this  circumstance  which  has  chiefly  led  to  the  use  of  the  bole  ame- 
nian;  the  maker,  in  place  of  carefully  removing  the  refuse  and  dirt, 
o-rinds  it  aU  up  with  the  fish,  trusting  to  the  bole  armeman  to  conceal 
the  impurities,  thereby  saving  himself  much  troub  e  and  some  loss. 
We  are  informed  by  Messrs.  Crosse  &  BlackweU  that  the  impimties 
which  they  are  obliged  to  remove  in  the  preparation  of  the  unco  oured 
anchovy  sauce  are  almost  incredible,  but  that  the  extra  trouble  and 
loss  are  fidly  compensated  by  the  greatly  miproved  quality  and  flavour 

*NoSthstanding  this  improvement  in  quality,  so  steong  do  Messrs. 
Crosse  &  Black-weE  find  the  prejudice  in  favom-  of  the  red  sauce 
that  many  parties  absolutely  refuse  to  take  the  uncolom-ed  sauce-pre- 
feJrirtbeiferior  article  simply  ^^ecause  of  its  redness ;  and  Messrs 
Oross^  &  Blackwell  have  been  reluctantly  driven  again  to  add  a  small 
Quantity  of  the  bole  Armenian  to  this  particular  sauce. 
^    Wllnut  Catsup.-^  Quantities  are  daily  met  with  which  on  chemical 
examination,  are  found  to  aboimd  with  copper.    Indeed,  this  cond  - 
meTrofteA  nothing  else  than  the  residue  left  behind  af  tei-  he  pocess 
Soyed  for  obtaining  distilled  vinegar,  subsequently  diluted  with  a 
Sction  of  the  outer  gi-een  husk  of  the  wahiut,  and  seasoned  with 
Xice  4enne  pepper^  pimento,  onions,  and  common  salt.Wcc«,n, 
page  319. 
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OPIAPTEE  XLn. 
AERATED  WATERS  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

The  sale  of  sn-cullecl  soda  or  potash  waters  without  their  respective  alkalies, 
the  presence  in  lemonade  and  ginger  beer  of  tartaric  acid,  bitartrate  of  potash,  or 
sulphuric  acid. 

CEETAiif  aerated  waters  and  driulis,  as  soda  and  potash  waters,  lemonade 
and  ginger  beer,  are  largely  consumed,  partly  as  medicines  and  partly 
as  pleasant  and  refreshing-  beverages.  The  two  last-named  partake  of 
the  character  of  articles  of  food,  and  all  of  them  are  very  liable  to 
adulteration,  with  the  natm-e  of  which  it  is  very  proper  that  the  food 
analyst  should  be  well  acquainted. 

It  is  very  important,  in  the  manufacture  of  aerated  beverages,  that 
the  water  used  should  be  of  a  high  degree  of  purity,  and  should  espe- 
cially be  free  from  contamination  with  organic  matter.  Some  manu- 
facturers are  very  particular  about  the  quality  of  the  water  they  use, 
while  others  are  as  careless  on  the  subject  and  make  use  of  any  they 
can  obtain. 

Furthermore,  great  care  should  be  taken  that  all  the  vessels  used 
should  be  of  scrupulous  cleanness,  and  that  none  of  these  waters  should 
be  allowed  to  remain  in  contact  with  lead  or  any  other  metal  for  any 
length  of  time.  The  neglect  of  this  precaution  explains  the  presence  of 
lead  and  other  metals  in  considerable  amount  in  aerated  waters  in 
many  cases.  Much  attention  has  recently  been  directed  to  the  presence 
of  metallic  contaminations  in  certain  aerated  waters. 

THE  MASXnFACTimE  OF  AERATED  WATEES. 

The  most  complete  apparatus  as  yet  devised  for  the  manufactm-e  of 
aerated  and  soda  waters  may  be  divided  into  three  parts — the  gene- 
rator, the  gasometer,  and  the  vessel  containing  the  solution  to  be  im- 
pregnated with  the  gas. 

The  carbonic  acid  gas  used  must  be  of  great  purity.  It  must  be  free 
from  atmospheric  air  and  from  any  gas  which  might  give  it  a  percep- 
tible smell.  The  gas  is  geuerated  in  a  leaden  cylinder  by  the  action  of 
concentrated  sulphuric  acid  upon  either  finely  powdered  marble  or 
chalk,  or  upon  magnesite,  which  is  essentially  carbonate  of  magnesia. 
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The  mixture  is  constantly  kept  in  motion  hj  means  of  a  stirrer,  which 
passes  through  a  stuffing  hox  on  the  top  of  the  generator.    The  car- 
bonic acid  escapes  through  a  tuhe,  and  is  conducted  through  four 
vessels,  to  free  it  from  sulph\iretted  hydrogen  and  other  gases.  The 
first  of  these  vessels  contains  a  solution  of  sulphate  of  iron  to  remove 
and  desti-oy  offensive  gases,  including sulphiu-etted  hydrogen,  the  sBcond 
a  mixture  of  sulphate  of  iron  and  carbonate  of  soda  to  absorb  oxygen, 
and  the  two  others  pure  water.    From  the  last  of  these  vessels,  which 
are  made  either  of  strong  glass  or  of  tinned  copper,  the  washed  pm-e 
carbonic  acid  escapes,  and  is  conducted  into  a  large  upright  cylinder  of 
tinned  copper,  about  six  feet  high,  and  one  and  a  half  foot  in  diameter. 
This  cylinder,  before  the  generation  of  the  gas  begins,  is  filled  vnth 
water,  which  by  the  pressure  of  the  gas  produced  is  gradually  forced 
out.  'Thus  any  admixture  with  atmospheric  air  is  avoided.    As  soon 
as  this  gasometer  is  quite  filled  with  carbonic  acid,  water  is  pumped  in 
from  the  bottom  to  about  four-fifths  of  the  capacitj'  of  the  cylinder  by 
means  of  a  force  pump,  the  gas  beiag  therefore  subjected  to  a  pressure 
of  five  atmospheres.    The  gasometer  commimicates  by  means  of  a  tube 
with  the  vessel  in  which  the  aerated  water  is  to  be  prepared.  This 
vessel  is  a  horizontal  cylinder  of  tinned  copper,  capable  of  holding  about 
250  pints.    It  is  filled  to  the  top  with  pure  water,  and  then  about  one- 
fifth  of  its  contents  are  allowed  to  run  out,  carbonic  acid  talring  the 
place.    The  impregnator  is  provided  with  a  gauge  to  ascei-tain  the 
pressure  exerted  upon  the  water  contained  in  it;  this,  to  facilitate  the 
absorption  of  the  gas,  is  constantly  kept  in  motion  by  means  of  a  stirrer, 
the  axis  of  which  passes  through  the  sides  of  the  vessel.    The  gas  is 
now  allowed  to  enter  from  the  gason^eter  into  the  impregnator  until 
the  gauge  shows  a  pressure  of  about  two  atmospheres.    The  com- 
munication is  then  shut  off,  and  the  stirrer  is  set  in  motion.    The  car- 
bonic acid  is  rapidly  absorbed  by  the  water,  and  the  pressure  of  course 
diminishes.  From  time  to  time  this  is  restored  by  opening  the  tap  until 
it  permanently  reaches  two  atmospheres,  and  the  gauge  shows  that  the 
water  is  now  sufficiently  saturated  with  gas  ;  the  concentrated  sahne 
solution  of  potash,  soda,  &c,,  is  introduced  into  the  impregnator  through 
a  screw  hole  at  the  top  of  the  cylinder,  and  the  pressm-e  is  again  restored 
by  a  fresh  addition  of  carbonic  acid.  ^     ,  j 

Lastly,  the  liquid  is  drawn  off  into  bottles,  a  specially  constructed 
tap  of  brass  being  employed  in  order  to  reduce  the  loss  of  gas  to  a 

^^^iSi^^paratus,  similar  to  that  above  described,  has  been  constructed 
bv  Tyler :  but  it  is  in  some  particulars  not  so  perfect.  Thus,  he  does 
not  pass  the  gas  after  its  hberation  through  a  series  of  washing  bottles, 
but  directly  into  the  gasometer. 
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Soda  Water. 

The  British  Pharmacopoeia  directs  that  soda  water  should  con- 
tain 30  grains  of  bicarbonate  of  soda  to  20  ounces  or  one  pint  of 
water,  and  that  as  much  cai'bouic  acid  should  be  forced  into  it  as  can 
be  introduced  by  the  pressm-e  of  7  atmospheres.  Each  bottle,  there- 
fore, of  soda  water  should  contain  15  grains  of  bicarbonate  of  soda.  But 
a  Yerv  lari'-e  proportion  of  the  soda  waters  ordinarily  sold  do  not  contain 
a  particle'of  soda  ;  they  consist  simply  of  water  impregnated  with  car- 
bonic acid  aas,  while  in" the  preparation  of  tliose  which  really  do  contain 
the  alkali  "no  fixed  rule  has  hitherto  been  observed,  and  hence  the 
quantity  of  soda  has  been  found  to  vary  very  gTeatly. 

The"  use  of  a  vei-y  hard  water  for  the  luauufacture  of  soda  water 
appears  to  be  most  undesirable  ;  should  the  water  contain  chloride  of 
calcium  or  magnesium,  or  the  nitrates  or  sulphates  of  lime  or  magnesia, 
part  of  these  will  become  precipitated  as  carbonates  with  the  formation 
of  salts  of  soda,  and  a  tm-bidity  will  be  produced  in  the  water  which 
is  very  imsightly,  and  which  in  many  cases  would  render  it  unsaleable. 
It  is  ti'iie,  however,  that  the  subsequent  impregnation  of  the  water  with 
carbonic  acid  gas  serves  to  redissolve  in  part  the  carbonates ;  but 
any  iron  and  alumina  which  the  water  may  have  contained,  and  which 
had  been  thrown  down  by  the  alkali,  would  not  be  taken  up  again. 

Potash  Water. 

The  British  Pharmacopoeia  also  gives  a  formula  for  the  preparation 
of  potash  water.  This  is  exactly  the  same  as  that  for  the  soda  water, 
so  that  each  bottle  would  contain  15  grains  of  carbonate  of  potash. 

The  remarks  as  to  the  vmsuitability  of  hard  water  for  the  manu- 
facture of  soda  water  apply  equally  to  that  of  potash  water.  We 
believe  that  potash  water  is  rarely  met  with  without  its  containing 
more  or  less  of  the  alkali,  although  the  amoimtis  foimdto  vary  greatly 
in  different  cases.  But  now  that  a  standard  has  been  introduced  into 
the  Pharmacopoeia  for  the  manufacture  of  these  waters,  greater  uni- 
formity may  be  expected. 

Lemonade. 

This  beverage  should  consist  of  the  juice  of  the  lemon,  a  certain 
amoimt  of  the  peel  to  flavour  it,  ivhite  sugar  and  xmter  in  certain 
proportions,  the  whole  being  subjected  to  fermentation  by  the  addition 
of  a  little  yeast. 

Thus  prepared,  lemonade  is  really  an  alcoholic  beverage,  the  alcohol 
and  carbonic  acid  being  generated  at  the  expense  of  the  sugar,  although 
the  amount  of  alcohol  is  but  small,  indeed  scarely  sufficient  to  afi'ect 
the  brain  of  even  the  most  sensitive  teetotaller. 

But  a  very  common  way  of  malring  lemonade  is  to  add  a  propor- 
tion of  syrup  consisting  of  citric  acid  and  sugar  to  water  impregnated 
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with  carbonic  acid  gas,  the  sugar  not  "being  suhjeeted  to  fermentation. 
This  beverage  would  satisfy  the  demands  of  teetotallers,  since  it  does 
not  coutaiu  any  alcohol. 

Very  frequently,  however,  lemonade  is  prepared  in  ways  very  differ- 
ent from  the  above,  and  by  much  cheaper  formulae.  Tartaric  acid  and 
bitartrate  of  potash  are  frequently  made  to  do  duty  for  citi-ic  acid. 
Sulphuric  acid  is  in  some  cases  used  in  conjunction  with  the  tartaric 
acid  and  for  the  same  pm-pose. 

Ginger  Beer. 

Ginger  beer— that  is  to  say,  the  bottled  and  effervescent  beverage 
commonly  known  as  ginger  beer— should  be  prepared  on  the  same 
principle  as  lemonade ;  the  genuine  article  should  not  contain  any- 
thing but  ginger,  lohite  sugar,  and  water,  the  mixtm-e  being  subjected, 
in  the  same  manner  as  lemonade,  to  fermentation.  If  anything  further 
be  allowable,  it  should  simply  be  an  addition  perhaps  of  a  little  lemon 
or  other  simple  flavouring,  with  a  view  to  improve  the  taste  of  the 
article.  In  the  case  of  ginger  beer,  then,  the  only  acid  which  should 
be  present  is  carbonic  acid. 

Dr.  Ure  gives  the  following  receipt  for  the  mauufactm-e  of  ginger 
laeer  :— '  Boil  65  gallons  of  river  water,  1^  cwt.  of  the  best  loaf  sugar, 
and  5  lbs.  of  the  best  raw  ginger,  bruised,  half  an  hour ;  then  add 
the  whites  of  10  eggs,  beaten  to  a  froth  with  2  ounces  of  dissolved 
isino-lass  Stir  it  well  in,  and  boil  twenty  minutes  longer,  slamming  it 
the  whole  time.  Then  add  the  rinds  of  50  lemons,  boiling  them  ten 
minutes  more.  Cut  28  lbs.  of  good  malaga  raisius  in  half,  take  away  the 
stones  and  stalks,  and  put  them  with  the  juice  of  the  lemon,  strained, 
into  the  hogshead.  Strain  the  hot  liquor  into  a  cooler,  and  when  it 
has  stood  two  hours  and  is  settled,  draw  it  off  the  lees,  clear,  and  put 
it  into  the  cask  ;  hlter  the  thick  and  fill  up  ^^dth  it.  Leave  the  bimg 
out,  and  when  at  the  proper  temperature  stir  3  quarts  ot  thick  Iresh 
ale  yeast  well  into  it ;  put  on  the  bung  lightly  and  let  it  ferment  six 
or  seven  days,  filling  up  with  liquor  as  it  ferments  over  ;  when  the 
fermentation  has  ceased,  pour  in  6  quarts  of  French  brandy  and 
8  ounces  of  the  best  isinglass,  dissolved  in  a  gallon  of  the  wine,  then 
seciu-e  the  bimg  eftectuaUy  and  paste  paper  over  it,  &c.  Keep  it  two 
veai-s  in  a  cool  cellar,  then  bottle  it,  using  the  best  corks  and  sealing 
them,  and  when  it  is  four  years  old  commence  using  it. 

Dr  Ure,  in  the  above  receipt,  seems  to  have  aimed  at  the  prepa- 
ration of  ginger  beer  of  remarkable  excellence  _  and  quabty  ;  the 
beverage  no  doubt  would  have  been  good  and  drinkable  very  shortly 

after  its  manufacture.  .    -ai  - 

We  believe  that  it  is  a  very  uncommon  thing  to  meet  with  a  ginger 
beer  compounded  suuply  of  sugar  and  ginger  subjected  to  fermentation. 
Neariy  all  the  articles  sold  as  ginger  beer  in  the  shops  contam  tartaric 
acid,  bitartrate  of  potash,  or  cream  of  tartar,  and  even  sometimes 
sulphm'ic  acid. 
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Another  receipt  given  in  '  lire's  Dictionary '  for  the  preparation 
of  a  ginger  heer  is  the  following: — 

Barhadoes  fjinger  root  12  ozs. 

Tartaric  acid      .       .  o  oza. 

White  sugar      .       .  8  lbs. 

Gum  arabic       .       .  8  ozs. 

Essence  of  lemon      .  2  drachms. 

Water       ...  9  galls. 

The  ginger  root,  hrnised,  is  to  he  hoiled  for  an  hour ;  the  liquor  having 
been  "strained,  the  tartaric  acid  and  sugar  are  added,  and  the  niixture 
hoiled  ;  the  gum  arahic,  dissolved  in  a  separate  portion  of  water,  is  then 
added  with  the  essence  of  lemons.  When  the  whole  has  cooled  to  38° 
C.  some  fresh  yeast  is  to  he  added,  and  the  beer  carefully  fermented. 
Then  bottle  for  use. 

Pereira  gives  the  following  formula,  for  which  he  was  indebted  to 
Mr.  Pollock,  for  the  preparation  of  ginger  beer  : — '  Take  white  sugar, 
20  lbs. ;  lemon  or  lime  juice,  18  ounces ;  honey,  1  lb. ;  ginger, 
bruised,  22  ounces  ;  water  18  gallons.  Boil  the  ginger  in  3  gallons 
of  water  for  half  an  hoiu- ;  then  add  the  sugar,  the  juice,  and 
the  honey,  with  the  remainder  of  the  water,  and  strain  through  a 
cloth.  AVhen  cold,  add  the  white  of  one  egg  and  one  half-ounce  of 
essence  of  lemon ;  after  standing  four  days,  bottle.  The  bottles 
are  to  be  laid  on  theu'  sides  in  a  cellar,  and  the  beer  is  ready  for  use 
in  about  three  weeks.  If  a  little  yeast  be  used,  the  beer  is  ready  in 
a  day  or  two,  but  in  this  case  it  does  not  keep  well.' 

THE  ABULTEEATIONS  OF  AERATED  WATERS. 

In  the  remarks  already  made  under  the  heads  of  the  chief  aei-ated 
beverages  commonly  sold,  namely,  soda  and  potash  waters,  lemonade 
and  ginger  beer,  we  have  indicated  the  principal  adulterations  to 
which  these  several  beverages  are  subject,  but  we  will  here  again 
refer  to  them. 

Much  of  the  soda  water  sold  is  not  soda  water  at  all,  since  it  does 
not  contain  a  particle  of  that  alkali,  but  consists  simply  of  water 
impregnated  with  carbonic  acid  gas.  In  other  cases,  where  the  alkali 
is  present,  the  amount  is  subject  to  the  greatest  possible  variation,  so 
that  nobody  knows,  when  he  partakes  of  soda  water,  what  amount  of 
alkali  he  has  consumed.  The  evil  of  this  state  of  things  has  led  the 
compilers  of  the  British  Pharmacopoeia  to  fix  the  quantity  of  car- 
bonate of  soda  at  30  grains  per  20  ounces,  or  15  grains  to  a  bottle. 

With  respect  to  potash  water,  we  believe  that  this  always  contains 
carbonate  of  potash,  but  the  quantity,  like  that  of  the  soda,  is 
subject  to  great  variation  according  to  the  fancy  or  caprice  of  the 
manufacturer. 

Lemonade,  as  has  been  shown,  should  be  made  from  lemon  juice, 
sugar,  and  water  only,  the  mixture  being  subjected  to  fermentation, 
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ty  means  of  yeast,  but  such  lemonade  is  rarely  met  with,  as  the  lemon 
iuice  is  either  replaced  by  citric  acid  or  it  contains  some  other  acid 
besides  citric,  as  tartaric  acid,  bitartrate  of  potash,  or  sulphuric  acid ; 
while,  lastly,  in  some  cases  tartaric  acid  is  substituted  entirely  for  citric 
acid.  Not  unfrequently  lemonade  is  made,  not  only  without  citric  acid, 
but  even  without  fermentation,  the  carbonic  acid  being  liberated  from 
bicarhomte  of  soda  by  the  action  of  an  equivalent  quantity  of  tartaric 
acid,  an  object  which  is  thus  accomplished: — The  acid  and  the 
carbonate,  niixed  together  in  the  right  proportion  and  in  the  dry  state, 
together  in  many  cases  with  powdered  sugar,  are  introduced  into 
bottles  filled  with  water  flavoured  with  lemon  peel  or  essence  of  lemon, 
these  being,  when  filled,  rapidly  corked,  so  as  not  to  allow  of  any  escape 
of  carbonu;  acid.    The  beverage  thus  prepared  is  very  palatable,  but 
it  is  of  course  a  very  different  thing,  both  dietetically  and  medicinally, 
to  genuine  lemonade. 

In  beverages  thus  compounded,  the  consmuer  is  made  to  take  in 
many  cases  a  medicinal  dose  of  tartrate  of  soda  or  potash. 

in  like  manner,  ginger  beer  should  be  made  of  ginger,  sugar,  and 
water,  also  subjected  to  fermentation. 

Metallic  Contaminations. 

Most  aerated  beverages,  especially  soda  or  potash  waters,  are 
liable  to  contamination  vdth  lead,  copper,  tin,  and  zinc.  One  _  or 
other  of  these  metals  has  recently  been  detected  in  a  large  propoition 
of  the  samples  submitted  to  analysis.  These  waters  may  become 
contaminated  in  several  ways.  Thus,  as  has  already  been  pointed  out, 
the  vessel  in  which  the  water  is  saturated  with  darbomc  acid  and  the 
soda  added  is  metallic,  and  is  made  of  copper  lined  with  tin,  or  even  ot 
copper  alone.  Next,  the  conducting  pipes  consist  of  metal,  either  lead, 
tinVcopper,  or  brass,  whHe  the  taps  themselves  consist  usua,lly  ot  brass. 
Agam  there  is  risk  of  metallic  contamination  in  the  botthng  ot  the. 
waters  whilst  the  last  risk  is  incurred  in  the  small  gazogenes  now  in 
such  oeneral  use.  and  the  construction  of  which  vanes  so  gi-eatly. 

Althoufrh,  as  a  rule,  the  carbonates  of  the  above  metals  are 
insoluble  in  water,  yet  they  become  readily  dissolved  in  an  excess  ot 
carbonic  acid,  bicarbonates  being  formed. 

THE  AI^ALISTS  OT?  AliRATED  BEVERAGES, 

Processes  have  already  been  given  for  the  detection  and  estimation 
of  most  of  the  constituents  and  adulterants  of  the  aerated  beverages 

included  in  this  article.  ,  .     ,        .    ,  . 

The  amoimt  of  soda  in  the  soda,  and  potash  in  the  potash  water 
mav  be  estimated  by  taking  the  alkalinity  of_  the  residue  left  on 
eviration,  by  mea/s  of  the  standard  sulphiiric  ^cid  solution  co^^ 
taining  40  gmmmes  of  sulphuric  acid  in  1  litre.    1,000  cc.  ot  this 
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solution  covvespond  to  53  grammes  of  cai'bonate  of  soda,  and  to 
G9"l  grammes  of  carbonate  of  potash. 

As  it  is  possible  that  in  some  cases  one  of  these  alkalies  may  he 
suhstituted  for  the  other,  it  may  he  necessary  to  test  the  residue 
qualitatively  and  then  estimate  it  quantitatively  in  the  manner  described 
in  the  article  on  '  Tea.' 

In  the  case  of  lemonade  tlie  acids  to  he  loolced  for  are  citric, 
tartaric,  and  suljihuric  acids.  About  200  cc.  are  evaporated  to  one-half, 
and  the  acidity  determined  by  the  employment  of  the  usual  standard 
solution  of  caustic  soda.  The  acidity  shoidd  be  calcidated  into  citric 
acid.  We  next  proceed  to  discover  whether  tartaric  acid  and  sulphu- 
ric acid  are  present.  The  presence  of  the  first  is  ascertained  by  the 
employment  of  the  methods  already  given  in  the  article  on  '  Lemon 
Juice,'  while  the  process  for  the  estimation  of  the  sulphuric  acid  will 
be  found  under  the  head  of  '  Water.' 

Presuming  that  hitartrate  of  potash  has  been  used,  about  200  cc.  of 
the  lemonade  should  be  evaporated  to  dryness,  the  residue  incinerated, 
the  allcalinity  of  the  ash  talven,  and  if  necessary  the  amount  of  potash 
estimated.  Should  both  cream  of  tartar  and  sulphuric  acid  have  been 
added,  the  solution  vdU  contain  sulphate  of  potash  and  tartaric  acid. 
In  this  case  an  estimation  of  the  sulphuric  acid  as  well  as  of  the  potash 
must  be  made. 

As  is  the  case  with  lemon  and  lime  juice,  so  Avith  lemonade.  This 
beverage  fi-equeutly  does  not  contain  a  particle  of  lemon  juice,  but  is 
prepared  with  citric  acid.  The  discrimination  of  those  cases  in  which 
the  acid  has  been  substituted  for  the  juice  is  by  no  means  easy,  and 
would  require  a  minute  and  complicated  analysis,  especially  an  esti- 
mation of  the  potash  in  the  ash. 

In  those  cases  in  which  an  effervescing  lemonade  is  prepared  by 
means  of  tartaric  acid  and  bicarbonate  of  soda,  about  50  cc.  of  the 
lemonade  must  be  evaporated  to  dryness  and  the  weight  and  alkalinity 
,  of  the  ash  taken.  The  amount  of  the  ash  will,  of  com-se,  greatly 
exceed  that  found  in  any  other  description  of  lemonade. 

The  analysis  of  ginger  beer  embraces  very  nearly  the  same  deter- 
minations, including  even  the  citric  acid,  as  the  lemonade. 

As  we  have  seen,  aerated  waters  are  liable  to  be  contaminated  with 
various  metals,  these  being  derived  in  some  cases  fi-om  the  apparatus 
employed  in  their  manufacture,  and  in  others  from  the  bottles  and 
other  vessels  in  which  the  manufactured  beverage  is  subsequently 
enclosed.  These  metals  are  lead,  tin,  copper,  and  zinc,  the  latter  being 
derived  from  the  brass  tubes  and  taps  employed.  The  processes  to  be 
pursued  for  the  detection  and  estimation  of  these  metals  will  be  found 
fully  set  forth  in  the  article  on  '  Vinegar.' 

Estimation  of  the  carbonic  acid. — Lastly,  it  m^j  in  some  cases  be 
desirable  to  ascertain  the  quantity  of  carbonic  acid  contained  in  a 
sample  of  aerated  water,  and  the  pressure  which  it  exerts  upon  the 
inner  surface  of  the  bottle.    This  pressure  may  easily  be  ascertained  by 
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screwing  througli  the  cork  of  the  bottle  a  pressure  gauge,  such  as  is 
frequently  used  in  the  case  of  champagne  with  a  view  to  prevent  the 
bursting  of  the  bottles.  _  r  ^,  v 

For  the  detemiiuation  of  the  carbonic  acid,  the  cork  ot  the  bottle 
is  to  be  perforated  with  a  screw  tap;   this  is  attached  by  means 
of  an  india-rubber  tube  to  a  smaU  flask  with  a  doubly  perforated  cork 
throuo-h  which  two  glass  tubes  pass  bent  at  right  angles.  The 
second  •'•lass  tube  is  connected  with  a  tube  filled  with  chloride  of 
calcium''-  this  in  its  tm-n  stands  in  communication  with  two  tubes 
which  are  tilled  with  soda-lime.    These  two  latter  are  weighed  before 
the  experiment  is  commenced.    The  screw  tap  is  now  very  gradually 
opened  and  the  carbonic  acid  is  aUowed  to  escape.    The  gas  is  dried 
bv  the  cliloride  of  calcium,  and  is  then  absorbed  m  the  soda-hme  tubes. 
When  no  more  bubbles  escape  from  the  water,  the  bottle  is  gently 
heated  in  a  water-bath,  wherebv  an  additional  quantity  of  carbonic 
acid  is  obtained.    The  cork  of  the  bottle  is  then  loosened,  and  air  is 
sucked  throuo-h  the  apparatus  to  remove  the  carbonic  acid  which  fills 
the  flask  and''  tubes.    The  cork  is  now  removed,  and  an  atmnoniacal 
solution  of  chloride  of  calcium  is  added  to  the  water  contained  in  the 
bottle  which  is  again  corked  and  aUowed  to  remain  at  rest  for  sonie 
days  '  The  soda-lime  tubes  are  next  weighed,  their  increase  of  weight 
crivinff  the  quantity  of  carbonic  acid  which  has  been  absorbed. 
"    The  ammoniacal  solution  of  chloride  of  calciimi  throws  down  the 
carbonic  acid  still  remaining  dissolved  in  the  water,  as  carbonate  o 
lime  which  is  to  be  coUected,  dried,  weighed,  and  the  carbonic  acid 
calculated  from  it.    The  additional  quantity  of  carbonic  acid  thus  ob- 
tained is  to  be  added  to  that  contained  in  the  soda-lmie  tubes. 
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CHAPTER  XLIII. 
3TALT  BEVERAGES  AND  THEIR  ADULTERATIONS 

DEFINITION  OF  ADULTERATION. 

Anr  Other  substances  than  the  constituents  of  malt  and  their  derivatives, 
hops  and  water  in  such  proportion  iis  in  the  case  of  f>tout,  strong  and  pale  ale,  to 
reduce  the  absolute  alcohol  to  less  than  4-5  per  cent,  and  in  porter  and  beer  to 
under  3-5  per  cent.  Although  the  law  allows  the  addition  of  both  sugar  and 
fait,  we  regard  these  additions  as  adulterations. 

Maxt  beverages  should  consist  solely  of  the  produce  of  malt  and  hops  , 
the  former  of  which  has  been  subject  to  fermentation.  And  all  the 
varieties  of  these  beverages  should  be  due  to  these  alone. 

The  coloiu-  should  be  due  solely  to  the  degree  of  heat  to  which  the 
malt  has  been  subjected  in  the  kiln,  and  to  the  ripeness  and  colour  of 
the  hops  employed.  Thus  for  bitter  heer  the  palest  malt  and  hops 
only  should  be  used ;  for  porter  and  stout  the  reverse  is  the  case. 
The  malt  should  be  briskly  dried,  until  the  flower  of  the  grain  is 
of  a  light  brown  colour,  and  crushes  with  a  crisp  friability  between 
the  teeth ;  the  hops,  also,  should  have  hung  in  the  autumn  sun  till 
thev  have  attained  a  rich  golden  hue,  and  the  seeds  are  perfectly 
developed.  With  all  attention  to  these  requirements,  however,  many 
kinds  of  beer  brewed  would  still  be  far  from  possessing  the  necessary 
colour  and  flavour,  and  to  attain  these  the  maltster  is  compelled  to 
prepare  malt  in  a  peculiar  manner,  and  to  make  use  of  broion  or  hlaek 
malt.  It  must  be  remembered,  nevertheless,  that  the  strength  of  the 
porter  is  due  almost  entirely  to  the  pale  malt,  as  the  other  kinds  have 
their  saccharine  properties  so  altered  by  roasting  as  to  render  them 
nearly  useless,  except  for  colour  and  flavour,  as  before  mentioned. 

In  addition  to  the  distinctive  coloiu-  of  porter  and  stout,  there  is  one 
other  requisite  of  still  greater  importance — namely,  the  peculiarity 
of  the  fermentation.  Up  to  the  commencement  of  the  last  stage  of 
the  process  of  brewing,  the  manufacture  of  porter  is  conducted  in 
exactly  the  same  manner  as  that  of  ale,  with  the  addition  of  the  different 
flavouring  and  colouring  malts  before  mentioned ;  but  during  the  fer- 
mentation the  great  change  is  effected,  all  the  sugar  being  converted 
into  spirit,  excepting  only  such  portion  as  is  required  to  preserve  the 
beer  from  the  acetous  fermentation,  and  which  is  less  than  in  ale,  by 
reason  of  the  larger  amount  of  hops  iised  in  proportion  to  the  strength 
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of  the  wort.  The  difference  will  he  hest  appreciated  hy  the  following 
figures.  Good  porter  should  weigh  ahout  twenty-two  pounds  specific 
gravity  ahove  water  per  harrel  of  thirty-six  gallons  hefore  the  ferinea- 
td-tion,  and  single  X  ale  ahout  the  same  ;  hut  after  fermentation,  the 
porter  will  he^found  to  retain  only  five  pounds  weight  per  barrel^ 
while  the  ale  has  seven.  Thus,  ordinary  ale  is  more  liable  to  derange 
the  stomach,  by  reason  of  its  greater  sweetness,  while  porter  is  more 
heady  in  proportion  to  its  strength,  and  soporific  in  its  tendency, 
from'  the  gi-eater  proportion  of  hops  used.  _ 

It  will  be  proper  to  make  a  few  remarks,  as  succinct  as  possible, 
upon  the  preparation  of  malt  and  hops  before  they  come  into  the 
brewer's  hands ;  and  upon  isinglass,  the  only  substance  which  should 
be  used  for  fining  beer.  It  may  be  well  to  observe,  hefore  doing  this, 
that  suoar  is  permitted  by  law  to  be  used  for  brewing,  and  has  been 
and  will  be  consumed  extensively  whenever  malt  rises  to  a  sufficiently 
high  price  to  render  it  profitable:  nevertheless  it  is  advisedly  the 
doo-ma  that  'porter  and  stout  (and  indeed  all  malt  liquors)  should  be 
brewed  of  malt  and  hops  only,'  as  was  enunciated  in  the  commence- 
ment of  this  article ;  for  beer  brewed  from  sugar  has  greater  tendency 
to  the  acetous  fermentation  than  that  prepared  from  malt. 


MALT. 


Malt  is  barley  in  which  germination  has  been  carried  on  to  a 
certain  extent  and  then  suddenly  cut  off  by  the  application  of  heat. 
The  process  ofmalting  is  conducted  as  follows :— The  barley  is  steeped  in 
a  cistern  of  water  for  two  or  three  days  till  well  swoUen ;  the  liquor 
is  then  drawn  off,  tbe  barley  left  to  drain  for  five  or  six  hom-s,  alter 
which  it  is  distributed  in  lavers  on  the  slate  floors  of  the  malt-house; 
it  now  becomes  spontaneously  very  warm  and  quickly  germinates.  As 
soon  as  the  radicle  has  made  its  appearance  the  barley  is  spread  out  in 
a  thinner  layer  in  order  to  stop  the  germination,  and  is  tiu-ned  over 
for  two  days,  it  is  then  made  up  into  a  heap  until  it  again  becomes 
heated,  which  happens  usually  in  about  a  day.  The  germination  is 
known  to  be  complete  when  what  is  called  the  acrospn-e  has  reached 
three  parts  of  the  way  up  the  grain,  particukrly  observable  by  a 
thickening  in  the  back  of  the  grains  of  barley,  when  the  gram,  taken 
between  the  thumb  and  fingers  and  pressed,  discharges  its  contents  in 
the  form  of  flour,  and  when  it  becomes  so  soft  that  it  is  easily  pierced 
by  a  needle.  Bmms  this  sta-e  the  malt  emits  a  smeU  resembhng 
that  of  cucimiber.    The  dm-ation  of  germination  in  England  is  about 

Barley.  Malt. 

fourteen  days,  but  in  Scotland  from  eighteen  to  twenty-one  days  are 
reauired  oJing  to  the  lower  temperature  of  the  couch  When  the 
S  ha  anived  at  this  condition,  it  is  thiwn  into  the  kiln  in  a  layer  of 
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from  three  to  five  inches  in  thickness,  according  to  circumstances,  and 
while  there  it  is  turned  over  once  or  twice  in  about  twenty-four 
hours.  The  kiln  has  a  -uire-gauze  bottom,  through  which  the  healed 
ail-  from  a  fiu-uace  of  'W^elsh  coal  ascends.  The  brisltness  of  tlie  fire 
and  the  time  of  drying  depend  upon  the  colour  required  in  tbe  malt. 
The  process  is  then  complete,  with  the  exception  of  screening  away  the 
'  malt  dust  '—the  di-ied  roots  of  the  embryo  plant,  a  verj'  nutritious 
food  for  cattle,  but  which  also  does  duty  sometimes  for  ground  coffee, 
Scotch  snufi",  and  other  articles. 

In  the  choice  of  malt,  the  brewer  is  guided  by  the  growth  of  the 
acrospire,  as,  if  it  be  not  suihciently  developed,  there  is  less  saccharine 
matter  in  the  grain  than  is  requisite,  and  more  gluten  ;  and,  if  over- 
gi-own,  the  saccharine  matter  is  absorbed  in  the  progress  of  germi- 
nation. 

Malt  contains,  besides  saccharine  matter,  a  substance  called  diastase, 
which,  in  the  mash  tun,  by  the  action  of  hot  water  and  agitation  by 
machinery,  converts  the  greater  portion  of  the  starch  into  sugar. 

The  ;jfl/e  malt  thus  manufactiu-ed  is  the  base  and  strength  of  all 
malt  liquors.  It  now  remains  to  notice  the  other  malts  used  for  the 
purpose  of  flavoiu-ing  and  colouring  stout  and  porter. 

Amber  malt,  used  in  the  proportion  to  pale  malt  of  one-eighth  part, 
diflers  merely  in  being  dried  at  last  faster  than  the  ordinary  kind,  and 
by  a  hotter  fii-e.  The  delicacy  of  the  flavour  of  stout  is  much  de- 
pendent upon  this  malt. 

JS  roicn  or  black  malt  is  of  a  darker  colour  externally,  but  in- 
ternally it  is  of  a  deep  brown  colour.  It  is  manufactured  by  being 
placed  in  the  kiln  in  a  layer  of  only  one  inch  in  thiclmess,  and  dried 
by  a  fierce  fire  of  wood  in  a  very  short  space  of  time.  This  malt,  used 
in  the  proportion  of  one-half  of  the  pale  malt,  is  the  som-ce  of  the 
rich  empyreumatic  flavour  of  stout  and  porter,  and  does  much  towards 
its  colour ;  but  this  is  finally  completed  by  what  is  called  2}atent  malt, 
which  is  of  a  very  dark  brown  coloiu-.  This  malt  is  pale  malt, 
perfected  in  the  Idlu  in  the  ordinary  way,  and  roasted  in  a  similar 
manner  to  coffee,  only  on  a  much  greater  scale.  The  colom-  of 
porter,  as  before  mentioned,  is  principally  due  to  this  malt ;  but  it  is 
so  powerful  an  agent,  that  not  more  than  "one-fiftieth  part  of  it  is  used 
in  proportion  to  the  other  malts. 

Pale  malt  is  made  at  a  temperature  not  exceeding  from  32° 
to  38°  0. ;  amber  malt  at  from  49°  to  52°  0. ;  brown  malt  from  66° 
to  76°  0.  Patent  or  black  malt  at  a  temperatm'e  from  182°  to 
200°  C. 

During  germination  part  of  the  nitrogenous  matter  of  the  grain 
passes  into  the  state  of  diastase,  in  which  it  acts  as  a  ferment,  causing 
a  part  of  the  starch  to  be  converted  into  dextrin  and  sugar.  A 
further  portion  of  the  starch  is  converted  during  the  kiln  diyino-,  while 
lastly,  in  the  mash  tun  the  last  portion  of  the  starch  is  transformed 
into  de.vtrin  and  glucose. 
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It  has  heen  found  that  the  diastase  of  the  malt  is  capable  of 
convertino-  a  much  larger  quantity  of  starch  into  sugar  than  that 
contained^in  the  malt  itself,  and  hence  in  the  malcing  of  beer  the  malt 
is  in  some  countries,  mixed  with  unmalted  barley  and  other  gram. 
It  is  said  that  in  Belgium  beer  is  prepared  from  malt  mixed  with 

potato  starch.  ,  .  ,  ix 

Diastase.— This,  is  the  substance  to  which  malt  owes  its  property 
of  converting  starch  into  dextrin.    It  does  not  exist  in  all  parts  of  the 
o-rain  and  is  usually  most  abundant  near  the  plumule.   It  is  not  found 
in  the  grain  before  germination.     It  is  a  white  substance,  inso- 
luble in  absolute  alcohol,  but  soluble  in  dilute  alcohol  and  water 
Its  aqueous  solution  is  neutral  to  test  paper,  and  is  not  precipitated 
by  basic  acetate  of  lead.    When  placed  in  a  solution  ot  boiled  starch 
at  70°  0    it  quickly  decomposes  that  substance,  and   converts  it 
first  into  dextrin  and  then  into  glucose.   At  a  boiling  temperature  this 
decomposition  is  instantaneous.    One  part  of  diastase,  according  to 
Payen  and  Persoz,  is  capable  of  converting  2,000  parts  of  starch.  A 
solution  of  diastase  quicldy  becomes  acid,  and  it  then  loses  its  power.  Its 
action  on  starch  is  desti-oyed  by  most  of  the  stronger  acids,  and  even 
by  tartaric  and  citric  acid,  but  only  slightly  by  acetic  acid.    It  is  also 
prevented  by  caustic  potash,  soda,  or  lime,  and  in  a  less  degree  by  mag- 
nesia, ammonia,  and  the  alkaline  carbonates.   According  to  Bouchardat 
alcohol  and  ether  exert  no  influence. 

Preparation  of  I)iastase.-The  malt  is  treated  with  water  at  from 
25°  to  30°  0. ;  tie  solution  is  heated  to  70°  C.  in  order  to  coagidate  the 
albiuninous  substances,  and  the  diastase  is  precipitated  by  absolute 
alcohol.  It  is  piuified  by  redissolving  reprecipitatmg  it  Pro- 
portion of  diastase  in  malt  is  stated  not  to  exceed  0-002  to  0  00..  per 

""^""^kaUose  is  the  name  given  by  Dubrunfaut  to  the  sugar  produced  by 
the  action  of  the  diastase  on  malt  starch.  It  resembles  dextroglucose 
in  its  crystalline  form,  but  its  dextrorotatory  power  is  thi-ee  tunes  as 
great.    It  is  converted  into  dextroglucose  by  boiling  with  ddute 

''"^^ScXL  in  malt  is  ahnost  entirely  destroyed.  The  p™  of 
cellulose  in  the  raw  grain,  and  its  comparative  absence  in  malt  may  be 
readily  shown  by  tearing  into  pieces  with  needles  sections  of  the  grain, 

'"^rS&'tdei- the  microscope  that  malt  still  contains  a 
coniderable  quantity  of  starch,  there  being  a  great  many  granules 
Se  wHch^o  not  appear  to  have  undergone  any  alteration  m  form 
^-  substrnce    Only  about  one-h.df  of  the  starch,  it  is  said,  is  converted 

'"''"Su^^'i^^^^^^n,  absorbs  oxygen  and  emits  carbonic  acid. 
The  Srain  loses  from  1-5  to  3  per  cent,  of  its  weight;  the  g  uten  and 
muciK  to  a  great  degree  disappear ;  the  _  coloiu- becomes  whiter,  and 
Sie  ubstance  of  the  barley  so  brittle  that  it  readily  crmubles. 
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The  bulk  of  good  malt  exceeds  that  of  the  barley  from  which  it  is 
obtained  by  about  8  or  9  per  cent. 

HOPS. 

Hops  consist  of  the  female  flowers  or  catkins  of  a  dicBceous  plant, 
Humulm  Lupulus,  belonging  to  the  natm-al  order  Urticacece.  English 
hops  are  chiefly  grown  in  the  counties  of  Kent,  Sussex,  and  Surrey ;  but 
also  in  Nottingham  and  Worcestershire. 

Hops  are  a  very  delicate  and  precarious  crop,  afiected  greatly  by  the 
weather,  and  they  also  fall  a  prey  to  yarious  kinds  of  blight,  of  which 
the  most  devastating  are  the  fly,  and  mould  or  rust.  The  former  is  the 
weU-known  green  insect  and  black  fly  that  attacks  the  rose  plants  ;  and 
its  ravages  axe  so  great  that  three-foiu'ths  of  the  year's  crops  are  some- 
times sacrificed.  The  latter  is  a  fungus  which  attacks  the  hop  itself, 
and  not  only  prevents  its  proper  development  and  thus  destroys  ita 
preservative  properties,  but  also  communicates  OuQ  unpleasant  flavour  to 
the  beer. 

Like  the  vine,  the  hop  loves  the  sun,  and  can  scarcely  have  too 
much  of  it ;  it  also  resembles  that  plant  in  the  soils  and  situations  it 
most  prefers — the  sunny  sides  of  sloping  hills,  and  the  well-cidtivated 
soil  of  Kent,  resting  on  the  Kentish  rag  or  ironstone.  The  most 
choice  hops  are  grown  in  East  Kent,  and  those  next  in  estimation  in 
Mid-Kent.  In  ordinary  seasons,  the  hops  grown  in  Kent  nearly 
suffice  for  aU  the  malt  liquors  brewed  in  England  ;  but  in  seasons  of 
scarcity  foreign  hops  are  much  used.  Hitherto,  the  hops  grown  in 
Belgium  have  been  considered  the  best,  and,  in  appearance,  there  is 
no  doubt  they  are  so,  as  the  Belgian  growers  have  taken  great  pains  to 
imitate  oiir  mode  of  preparation  and  packing ;  but  the  Bavarian  hops 
are  really  much  finer  in  quality  and  flavour,  and  the  aroma  is  more 
perfectly  preserved  by  theii-  method  of  preparation,  which  dift'ers  from 
ours. 

Some  few  hops  are  imported  from  America,  but  though  very  power- 
ful, they  are  so  rank  and  peculiar  in  flavovu'  that,  without  great  im- 
provement in  cultivation,  they  are  never  likely  to  be  extensively 
used. 

The  preparation  of  hops  is  a  very  simple  process,  and  may  be 
described  in  few  words.  The  poles,  with  the  hop  plants  still  hang- 
ing on  them,  are  pulled  from  the  ground,  when  the  hops  are  picked, 
principally  by  women  and  children,  to  a  great  number  of  whom  it 
affords  temporary  employment ;  they  are  then  dried  on  a  kiln,  some- 
what resembling  the  malt  kiln,  but  the  heat  is  much  less,  and  should 
not  exceed  50  C,  the  test  of  their  being  sufficiently  dried  being 
the  snapping  of  the  flower-stalk ;  the  floor  of  the  kiln  is  made  of 
hair-cloth.  A  small  portion  of  sulphm*  is  burned  on  the  kiln  fire, 
for  the  purpose,  partly,  of  preserving  the  hops — at  least  this  is  the 

X  X 
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plea,  and  tliere  may  he  some  truth  in  it,  as  the  sulphiu-  may  destroy 
any  insect  or  fungus  remaining  in  the  hops-hut  the  gi-eat  reason  ior 
the  use  of  sulphur  is  its  bleaching  property,  which  renders  the  hojis 
more  sightly  to  the  eye.  After  they  have  been  thus  dried  and  bleached 
they  are  packed  tightly  into  the  bags,  or  pockets  as  they  are  caUed, 
to  exclude  the  aii°  They  are  packed  so  tightly  by  the  hydraidic 
press  that  they  become  sufficiently  solid  to  be  cut  m  blocks  with  a 

All  English  hops  are  prepared  in  this  manner,  and  the  Belgians, 

Kg.  205. 


Portion  of  leaf  and  glands  of  Hop.   Magnified  100  diameters. 

finding  that  the  bleaching  and  packing  have  a  great  effect  ^V^^ 
eye  have  followed  om-  example;  but  the  Bavarian  growers  sill 
Sere  to  the  custom  of  their  ancestors,  and  it  is  to  be  hoped  they 
adhere  to  xue  increased  attention  to  cultivation  and 

^alnT-Wc^  ^  ''l^"'  '° 

^™  The  mode  in  use  in  Bavaria  is  as  follows  :-When  the  hops  are  ripe 
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the  plant  is  cut  off  close  to  tlie  ground,  and  the  hops  are  left  on  the 
poles  to  dry  in  the  sun.  This  method  preserves  the  aroma  entii-ely, 
and  all  the  essential  oil ;  the  consequence  is  that,  although  they  are 
packed  loosely  in  bales  and  look  like  withered  leaves,  they  have  more 
strength  and  flavour  in  proportion  to  theu-  quality  than  the  English 


Pig.  206. 


Seed  of  Hop.  A.  Testa,  showing  the  four  coats  of  which  it  is  formed,  the 
second,  marked  6,  being  the  most  characteristic.  B.  Vertical  section  of  seed, 
exhibiting  the  four  membranes,  and  the  substance  of  the  seed,  e.  Magnified 
200  diameters. 


1  hops.  It  is  somevehat  premature  to  speak  of  this  method  as  regards 
I  the  preservation  of  the  hops  compared  with  that  followed  in  England, 
I  as  the  Bavarian  hops  are  a  recent  importation ;  in  our  variable  climate 
1  the  process  by  which  they  are  dried  would  be  vmsuitable  ;  but  this  at 
i  leaat  may  be  deduced  from  the  comparison,  that  great  care  should  be 

X  X  2 
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taken  in  the  use  of  the  sulphur  that  the  flavom- 13  not  affected  ;  and 
also  that  a  very  low  de^n•ee  of  heat  is  advisahle,  as  there  is  no  doubt 
much  of  the  essential  oil  flies  off  in  the  drying  process. 

Hops  prepared  in  the  English  manner  frequently  become  brown 
and  mustv  by  keeping.  In  such  a  condition  they  are  wholly 
"saSe';  Zi  s?  great  is  the  demand  for  hops  that  the  most 
worthless  descriptions  of  foreign  hops  are  pm-chased  and  subjected  to 
fumi-ation-by  which  means  their  colour  is  restored  and  theu-  pro- 
of  checking  fermentation  revived.  To  effect  this,  as  much  as 
10  lbs.  of  sulphur  are  employed  in  some  cases  for  every  hundredweight 
of  hops.  As  large  a  quantity  as  TO  per  cent,  o  free  sulphuric  acid 
has  been  met  with  in  samples  of  bleached  hops ;  this  acid  is  formed  by 
the  oxidation      the  sulphurous  acid  generated  duiing  the  bleaching 

^""^The  catldns  consist  of  scales,  of  a  pale  yellow  colour  when  ripe, 
at  the  base  of  which  are  small  rounded  seeds  of  a  reddish  co  our 
They  are  imbedded  in  a  yellow  powder,  which  is  the  most  valuable 
part  of  the  hop.  The  hop  should  not  be  gathered  until  the  seed  is 
well  ripened.  When  rubbed  hops  should  have  a  resinous  feelmg,  with 
an  aromatic  odour.  They  should  not  present  any  green  specks  nor  should 
there  be  any  appearance  of  a  fmigiis  on  the  stem  of  the  flower. 
Payen  and  Ohevallier's  analysis  of  hops  is  as  follows  :— 

Volatile  oil  ,^3° 

L^P"^"*                                                .  55-00 

ff^'"".   32-00 

L^Snin  ,  0-70 

Loss   

100-00 


With  traces  of  fatty,  astringent  and  gummy  matters  and  malic  aud 
The  yeUow  lupulinic  gi-ains,  which  used  formerly  to  be  called  farina 
or  noUen  but  which  really  consist  of  crude  lupulm,  are  said  m  good 
SmWo  aJuount  to  one-sixth  of  the  weight  of  the  hops.  Accordmg 
to  Dr.  Ives  this  powder  has  the  following  composition:— 


Tannin 
Extractive  . 
Bitter  principle 
Wax  . 
Hesin  . 
Lignin 


4-16 

8-  33 

9-  16 
10-00 
30-00 
38-33 

99-98 


Messrs.  Payen,  Ohevallier  and  Pelletan  give  the  composition  of  the 
lupulinic  grains  as  follows  : — 
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Volatile  oil 
Lupulin 
Eesin  . 
Lignin 
Loss  . 


2-00 
10-30 
55-00 
32-00 

0-70 


100-00 


The  substance  ordinarily  called  lupalin,  but  tvbicb  is  in  fact  a 
mixtiu-e  of  lupiilin  with  a  variety  of  other  substances,  when  distilled 
■with  water,  yields  valerianic  acid,  and  a  volatile  oil  containing  a  hydro- 
carbon, together  witli  valerol. 

The  resinous  matter  which  remains  after  the  distillation  still  con- 
tains valerol,  and,  when  distilled  with  slaked  lime,  yields  valer aldehyde. 

According  to  R.  Wagner,  the  volatile  oil  consists  of  a  mixture  of  a 
hydrocarbon,  isomeric  with  oil  of  tiu'pentine,  and  a  substance,  ap- 
parently identical  with  valerol,  which  may  be  oxidised  into  valerianic 
acid,  and  hence  hops  acquii-e,  by  keeping,  the  odom*  of  cheese. 

According  to  Person,  lupulin  distilled  with  water  yields  valerianic 
acid  and  an  oil  lighter  than  water,  at  first  neutral,  but  after  a  while 
becoming  acid  and  resinous ;  it  begins  to  boil  at  140°  0.,  but  the 
boiling  point  gradually  rises  to  300°  C. 

Heated  with  alcohol,  lupulin  yields  about  65  per  cent,  of  its  weight, 
consisting  of  resin,  extractive  matter  and  tannin — the  two  latter 
soluble  in  water,  whereas  the  resin,  which  forms  about  62  per  cent, 
of  the  lupulin,  is  insoluble. 

The  bitter  principle  of  the  hop,  lupulite  or  true  lupulin,  amounts, 
according  to  Payen  and  Ohevallier,  to  between  8-3  and  12-5  per 
cent,  of  the  crude  lupulin,  and,  according  to  Ives,  to  about  10  per 
cent.  It  is  dissolved  out,  together  with  malic  acid,  by  digestion  of  the 
crude  lupulin  in  water.  To  separate  it,  the  malic  acid  is  neutralised 
with  chalk,  the  liquid  evaporated  to  da-yness,  and  the  residue  treated 
with  ether,  whereby  a  small  quantity  of  resin  is  removed.  The  lupu- 
lite is  next  separated  from  the  malate  of  calcium  by  means  of  alcohol, 
when,  on  the  evaporation  of  the  alcoholic  extract,  it  is  obtained  in 
a  pure  state. 

When  heated,  lupulin  emits  the  characteristic  smell  and  possesses 
the  peculiar  bitterness  of  hops.  It  is  soluble  to  the  extent  of  5  per 
cent,  in  water,  and,  while  it  is  quite  soluble  in  alcohol,  it  is  only 
slightly  so  in  ether. 

The  presence  of  the  tannin  in  the  hops  is  supposed  to  be  important, 
it  aiding  the  precipitation  of  the  nitrogenous  matter  of  the  malt, 
and  so  assisting  the  clarification  of  the  beer. 

According  to  A.  Wagner,  the  tannin  amounts  to  between  3-5  and 
5-7  per  cent,  of  the  hops. 

The  following  analyses  of  the  ash  of  hops  have  been  made : — 
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Potash 
Soda  . 
Lime  . 
Magnesia  . 
Alumina 
Oxide  of  iron 
Sulphuric  acid 
Chlorine 
Silica  . 
Carbonic  acid 
Phosphoric  acid 
Chloride  of  potassium 
Chloride  of  sodium 
Charcoal  and  loss 


Ash  per  cent,  of  dry  \ 
substance        .  j 
Ash  per  cent,  of  fresh  \ 
substance        .  j 


Way  and  Ogston. 

H.  Watts. 

Bentley 

Gelding 

Grape 

Grape 

variety. 

Variety. 

yariety. 

variety. 

11-98 

24-88 

25*56 

— 

— 

17-93 

21 -09 

18-4/ 

1  /I  .1  R 

14  10 

6-94 

4-69 

0  Zi 

O  O'x 

— 

1  -1  ft 

1-86 

1-75 

1-41 

7-01 

7-27 

11-68 

22-97 

19-71 

9-99 

17-88 

5-44 

2-17 

4-54 

11-01 

21-38 

14-47 

1 

1  /  Oo 

14-04 

5-46 

4-34 

— 

3-42 

012 

2-44 

99-96 

99-95 

98-96 

lUU  UU 

8-07 

5-95 

7*21 

7-27 

5-22 

6-52 

6-5 

Properties  of  hops.— The  volatile  oil  contained  in  the  hops  possesses 
marked  narcotic  properties.  Hence  a  piUow  of  the  catlrins  lias  often 
teen  prescribed  to  promote  sleep  in  cases  where  the  administration  ot 
opium  would  be  objectionable. 

The  infusion  of  hops  is  an  aromatic  tonic,  and  it  sometimes  acts  as 
a  diuretic  and  sudorific.  . 

'  The  lupulinic  grains  are  also  aromatic  and  tonic,  and  are  soothing, 
tranquiUising,  and  slightly  sedative.  Hops  have  been  administered 
internally  to  relieve  restlessness  consequent  upon  exhaustion  or  latigue, 
to  induce  sleep  in  the  wakefulness  of  mania  and  other  maladies,  to 
calm  nervous  irritation,  and  to  relieve  pain  in  gout  and  rheumatism. 
They  have  also  been  applied  topically  in  the  form  of  a  fomentation 
or  poultice,  as  a  resolvent  or  discutient  in  painful  swelhngs  or  tumours. 
— Pereira. 

We  may  now  add  a  few  words  upon  brewers'  finings.  These  consist 
chiefly  of  isinglass  or  sometimes  gelatin.  The  isinglass  used  by  brewers 
is  the^artilale  of  the  stm-geon  and  other  tish.  The  brewer  buys  his 
isinglass  as  imported,  in  rough  pieces,  as  also  the  di-essmgs  and  pickings 
reiected  in  the  preparation  of  the  finer  sorts  of  ismglass  for  the 
ponfpctioner  &c.  The  'finings'  for  porter  are  thus  prepared :—ihe 
s°Ss  Ts  'pSt  into  some  so^ur  beer 'to  dissolve,  techn  caUy  to  cut 
which  takes  place  in  diflerent  times,  according  to  the  kind  of  isinglass 
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made  use  of.  Sometimes  white  of  egg,  serum  of  blood,  and  even 
Carrageen  mosa  are  employed  as  finings  for  beer. 

THE  BREWING  OF  BEER. 

Preparation  of  the  tvort. — In  order  to  make  the  wort  the  malt  is 
crushed,  and  placed  in  a  tun  having  a  false  bottom,  when  water  of  a 
temperature  of  about  82°  0.  is  poured  over  it,  and  the  whole  well 
stir-red.  The  mLxtm-e  is  left  to  stand  for  a  few  hours  to  clarify,  when 
it  is  transferred  to  a  copper  in  which  it  is  boiled  with  the  hops. 
After  being  sufficiently  boiled  it  is  di'awn  off  into  large  shallow 
wooden  vessels  termed  coolers ;  fi'om  these  it  is  conveyed  to  the 
fei-menting  vats,  which  in  some  cases  are  of  large  capacity,  and  in 
these  it  is  mixed  with  yeast,  obtained  from  a  previous  brewing. 

Fermentation  of  the  loort. — Soon  the  whole  liquid  becomes  in  a 
state  of  agitation,  much  of  the  sugai-  is  converted  into  alcohol  and 
carbonic  acid,  a  gi"eat  part  of  the  latter  escaping  as  gas ;  during  the 
fermentation  the  quantity  of  yeast  is  greatly  multiplied,  it  feeding 
upon  the  nitrogenous  matter  of  the  malt,  the  new  yeast  thus  aiding 
that  first  added  in  the  transformation  of  the  sugar.  Gradually,  as  the 
fermentation  proceeds,  the  yeast  forms  a  thick  frothy  layer  on  the 
surface  of  the  liquid,  and  is  skimmed  off. 

The  fermentation  is,  of  course,  not  permitted  to  be  complete,  but 
is  stopped  at  a  certain  point  by  the  removal  of  the  yeast  and  by 
drawing  off  the  beer  into  casks,  in  which,  however,  a  slow  fermentation 
continues  to  take  place,  a  fiu'ther  portion  of  the  sugar  being  converted 
into  alcohol,  and  the  beer  thus  becoming  stronger  and  less  sweet. 
While  in  the  casks  the  beer  becomes  clear  and  bright,  an  additional 
quantity  of  yeast  collects  on  the  surface,  and  is  thrown  off  through 
the  bung-holes.  Sometimes,  however,  it  is  necessary,  when  the  beer 
does  not  become  sufficiently  clear  and  bright,  to  employ  finings. 

There  is,  of  coiu'se,  great  variety  in  the  physical  characters  and 
quality  of  the  malt  beverages  maniifactured  in  this  country.  They  may 
be  divided  into  the  weah  and  the  strong,  according  to  the  amount  of 
alcohol  which  they  contain  ;  into  the  sweet  and  the  dry  in  accordance 
with  the  amoimt  of  saccharine  matter  which  they  have  been  allowed 
to  retain.  Sweet  beers,  when  bottled,  undergo  fui'ther  fermentation, 
giving  rise  to  a  fresh  formation  of  alcohol  and  carbonic  acid,  causing 
those  beers  to  become  effervescent  when  the  bottles  are  uncorked. 
Then  there  are  the  bitter  beers  and  the  pah  ales,  the  brown  ales  and 
the  black  porter  and  stout. 

In  the  manufacture  of  bitter  beer  or  pale  ale  the  best  and  palest 
malt  and  hops  are  used,  and  great  care  is  taken  that  the  temperature 
during  fermentation  should  not  rise  above  22°  0.  By  this  means  the 
fiavoiur  and  aroma  of  the  hops  are  best  preserved,  while  the  tendency  to 
the  formation  of  acetic  acid  is  lessened. 

Small  beer  is  of  course  very  weak,  and  is  usually  made  by  extract- 
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iug  with  a  fresh  quantity  of  water  the  residue  left  after  the  preparation 
of  the  first  wort. 

It  has  heen  ascertained  that  the  temperature  at  which  the  fermen- 
tation of  the  beer  has  taken  place  exerts  a  great  effect  on  its  keeping 
properties,  and  on  its  liability  to  become  sour  from  the  formation  of 
acetic  acid.  In  the  beers  of  England,  France,  Belgium,  and  Noj-th  Ger- 
many, the  fermenting  temperature  ranges  between  18°  and  32°  0.,  and 
the  beer  so  produced,  as  is  known,  is  liable  to  become  sour ;  but  in 
Bavaria  the  temperature  ranges  between  8°_and  10°  0.,  and  the  beverage 
thus  made  is  much  less  prone  to  acetitication. 

According  to  Liebig  the  explanation  of  this  difference  is  as  follows:— 
When  the  wort  is  fermented  at  a  high  temperature,  the  action  of 
the  yeast  is  very  brisk,  and  the  large  bubbles  of  carbonic  acid  formed 
carry  the  yeast  globules  to  the  sui-face  of  the  liquid,  where  it  forms  a 
thick  sciun.  The  fermentation  in  this  case  is  called  top  fermentation. 
This  scum  prevents  the  access  of  the  oxygen  of  the  air  to  the  ferment- 
inf  fluid,  and  the  yeast  takes  therefore  the  oxygen  necessary  for  its 
formation  from  the  sugar  contained  in  the  liquid :  the  sugar  is  thus 
destroyed  before  the  whole  of  the  niti-ogeuous  matter  held  ia  solution 
has  been  used  up  by  the  yeast.  The  beer,  after  it  has  been  drawn  ofi, 
contains  therefore,  in  the  case  of  top  fermentation,  nitrogenous  matter 
which,  acting  as  a  ferment,  induces  the  oxidation  of  the  alcohol  and 
the  formation  of  acetic  acid. 

When,  on  the  other  hand,  the  wort  is  fermented  at  a  low  tempe- 
rature, as  is  the  case  in  the  preparation  of  the  Bavarian  beer,  the  car- 
bonic acid  escapes  from  the  liquid  in  minute  bubbles,  and  the  yea^t  is 
not  carried  to  the  top,  but  remains  at  the  bottom.  Hence  this  mode 
of  fermentation  is  caUed  bottom  fermentation.  The  oxygen  of  the  air 
has  free  access  to  the  liquid,  and  consequently  the  yeast  takes  the 
necessary  oxygen  from  the  air,  instead  of  the  sugar  as  in  the  previous 
case,  and  the  niti'Ogenous  matter  is  wholly  converted  mto  yeast  before 
all  the  sugar  has  been  decomposed.  .  ,     .  . 

The  beer  thus  prepared  contains  therefore  but  little  mtrogenous  mat- 
ter which  might  act  as  a  ferment,  and  it  keeps  consequently  much  better 
than  beer  prepared  by  top  fermentation.  In  the  latter  case  the  yeast 
consists  of  gluten  oxidised  m  a  state  of  putrefaction,  and  the  bottom 
veast  is  the  gluten  oxidised  by  slow  combustion.'— TToi^s. 

Quality  of  the  water  used.— It  is  well  known  that  the  quality  of  the 
water  used  has  a  great  effect  on  beer,  on  the  extraction  of  the  soluble 
constituents  of  the  malt,  and  on  the  subsequent  clanfication  of  the  fer- 
mented beverage.  , , 

For  the  first  purpose  a  soft  or  even  an  alkahne  water  would  appear 
to  be  the  most  smtable,  but  for  the  second  there  is  no  doubt  that  waters 
containing  much  lime  are  the  best.  The  lime  combines  with  the  phos- 
phoric acid  of  the  malt  and  forms  an  insoluble  salt,  which  assists  m 
can-ving  down  any  suspended  matter.  •  .u 

In  the  course  of  boiling,  the  excess  of  carbonic  acid  in  the  water, 
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by  winch  the  carbonates  of  lime  and  magnesia  are  dissolved,  is  expelled, 
and  these  salts  ai-e  precipitated ;  aj^aiu,  the  alkaline  phosphates  present 
in  malt  have  the  power  of  decomposing  and  precipitating  sulphate  of 
lime,  phosphate  of  lime  and  a  soluble  alkaline  sulphate  being  formed, 
but  part  of  the  phosphate  of  lime  so  formed  is  redissolv^  in  the 
acid  generated  dming  fermentation.  The  water  fi'om  being  at  first 
hard  thus  becomes  comparatively  soft,  and  in  this  state  is  well  suited 
for  the  extraction  of  the  active  properties  of  the  malt  and  hops. 

The  waters  used  by  most  of  the  brewers  at  Burton-on-Trent  con- 
tain a  large  quantity  of  sulphate  of  lime,  and  it  is  to  this  constituent 
that  the  superiority  of  this  water  in  the  brewing  of  pale  ale  has  been 
attributed. 

The  following  is  an  analysis  of  the  water  used  in  the  brewery  of 
Messrs.  Allsopp  &  Co.,  by  Dr.  Henry  Bottinger : — 


Grains  per  Gw 

CUoride  of  sodium 
Sulphate  of  potash 
Sulphate  of  lime  . 
Sulphate  of  magnesia  . 
Carbonate  of  lime 
Carbonate  of  magnesia 
Carbonate  of  iron 
Silica  .... 


10-12 
7-66 

18-96 
9-95 

16«51 
1-70 
0-60 
0-79 

65-28 


Total  solids 

The  water  is  remarkable  for  its  complete  freedom  from  organic 
matter. 

The  cornposition  of  the  water  used  by  Messrs,  Bass  &  Co.,  according 
to  Cooper,  is  as  follows  : — 


Grains  per  Gallon. 
Carbonate  of  lime 
Sulphate  of  Ume  .... 
Chloride  of  calcium 
Sulphate  of  magnesia  .      ,  , 


Total 


9-93 
54-40 
13-28 

0-83 

78-44 


"With  the  above  analyses  of  the  water  used  by  Messrs.  Allsopp  and 
Bass,  it  will  be  interesting  to  contrast  the  mineral  constituents  in  the 
ash  of  the  beer  of  those  brewers. 

Mineral  Matter  contained  in  one  Imperial  Gallon. 

Alkaline  sulphates,  chiefly  of  potash 
Alkaline  chlorides 
Alkaline  carbonates  and  phosphates 
Phosphate  of  lime  and  magnesia  . 


Allsopp. 

Bass. 

.  78 

62 

.  28 

25 

.  14 

19 

.  102 

91 

Total 

.  222 

197 
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These  last  two  analyses  include,  of  course,  not  merely  some  of  the 
saline  constituents  of  the  water  used  in  making  the  beers,  hut  also  those 
of  the  malt  and  hops  employed,  notably  the  phosphates  of  the  malt 

It  will  be  observed  that  the  earthy  salts,  the  carbonates  and  sul- 
phates of  lime  and  magnesia,  which  impart  tiie  quality  of  hardness  to 
water,  have  disappeared,  and  that  the  Burton  water,  though  hard  at 
&-8t  reaUv  becomes  a  soft  water,  as  contained  in  the  beer. 

But  tL  chemical  constitution  of  the  Burton  water  explains  also 
anoSer  circumstance  connected  with  Burton  ales.  It  is  known  that 
tLse  ale  sp^^^^^  become  bright  and  cleai-,  that  they  never  require 
togs  0  be%loyed,  and  are  fit  for  use  almost  a.  Boon  as  brewed^ 

Now  the  depurating  power  of  lime  is  well  known,  so  that  it  has 
lonci  been  employed  in  the  clarification  of  cane  and  other  vegetable 
i^ces  But  in  the  case  of  Bui-ton  water  the  action  is  probably  pm-ely 
Mechanical,  it  carrying  down  in  its  precipitation  suspended  impu- 
rities thus  rendering  the  beer  transparent  and  briglit. 

We  Sve  in  the  following  table  some  analyses  made  by  ovu^elves 
of  the  composkon  of  the  beer  of  Messrs.  Allsopp  &  Go.  and  Messrs. 

Bass  &  Co. : —  ^   .         n  n 

Grains  per  Gallon. 


Messrs.  Allsopp  &  Co. 

Messrs.  Bass  &  Co. 

For  exportation 

For 

For  home  consumption. 

to  India. 

exportation. 

Sugcar 
Gum . 

Bitter  extract  . 

•200 
2,080 
810 

320 
2,110 
750 

390 
3,930 
760 

420 
2,660 
800 

Total  solids 
Alcohol  . 
Water 

3,090 
3,540 
63,370 

3,180 
3,820 
63,000 

5,080 
3,983 
60,937 

3,880 
3,744 
62,376 

70,000 

70,000 

70,000 

70,000 

TEK  ANALSSIS  OF  BEER. 

The  usual  detemmatiom  in  maki»g  au  analysis  ot  gemune  tar 
.'^X'SK^eS'Sm  cSLSf  aSfd'^L  object  is  usuall^ 

lotSrUj  tKpSo  SaJt^^S  at^r  .he  bee,  ba.  been  cooled 
down  to  15'5°  C. 
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lu  the  beer,  freed  from  carbonic  acid  in  tlie  manner  described,  the 
acidity  is  determined  by  the  standard  soda  soUition  which  has  been 
so  often  referred  to  afready,  the  amount  of  alkali  used  being  calcidated 
into  acetic  acid. 

For  the  determination  of  the  sugar,  a  convenient  quantity  of  the 
beer,  say  200  cc,  shoidd  be  diluted  with  10  volvuues  of  water,  and  the 
sugar  should  then  be  estimated  by  means  of  the  copper  test  in  the 
manner  fully  described  in  the  article  on  '  Sugar.' 

Another  portion  of  the  beer,  say  10  cc.j  should  be  measured  into  a 
flask,  diluted  with  water,  and  boiled  for  two  hom-s  with  two  drops  of 
sulphuric  acid,  until  aU  the  dextrin  and  gum  has  been  converted  into 
glucose,  when  the  acid  is  neuti-alised,  and  the  liquid  made  up  to  100  cc. 
The  sugar  is  to  be  estimated  in  the  usual  manner,  the  diflerence  between 
the  two  estimations  giving  the  amount  of  glucose,  which  is  to  be  cal- 
cidated into  dextrin.  Or  a  portion  of  the  beer  may  be  evaporated  to 
the  consistence  of  a  thin  syrup,  strong  alcohol  being  then  added  as  long 
as  any  dexti-in  is  precipitated ;  for  its  pmiflcation  the  dextrin  is  to 
be  redissolved  in  water  and  again  precipitated,  dried  and  weighed. 

The  sugar  is  sometimes  estimated  by  evaporation  and  drying  from 
the  alcoholic  solution,  but  in  the  case  of  beers  containing  much  hop, 
this  would  be  a  fallacious  mode  of  proceeding,  as  the  alcoholic  extract 
would  contain  lupidin  and  other  matters  soluble  in  the  spirit. 

The  hitter  extractive. — Evaporate  to  dryness  50  cc.  of  the  beer,  and 
extract  with  repeated  additions  of  cold  absolute  alcohol.  This  dissolves 
the  lupuiin  and  other  matters  soluble  in  alcohol.  The  solution  is  eva- 
porated and  the  extractive  matter  weighed. 

The  total  solids. — 10  cc.  of  the  beer  are  to  be  evaporated  on  the 
water-bath  in  a  weighed  platinum  basin,  or  better  still,  in  a  current  of 
dry  air.  After  all  moistiu-e  has  been  driven  oS,  as  shown  by  the  weight 
becoming  constant,  the  amoimt  of  solids  is  thus  arrived  at. 

This  is  the  usual  method  whereby  the  solids  contained  in  beer  are 
estimated.  It  is  an  object  of  greater  importance  to  the  brewer  to  know 
the  amount  of  sugar,  as  deduced  from  the  specific  gravity  of  the  original 
wort,  than  the  quantity  of  total  solids  contained  in  the  beer.  From 
the  amount  of  alcohol  contained  in  the  fermented  beverage  the  quantity 
of  sugar  from  which  it  has  been  produced  can  easilj'  be  calculated-^198 
parts  of  glucose  yielding  100  parts  of  alcohol.  This  amount  of  sugar 
added  to  that  contained  in  the  beer  approximately  gives  the  total 
amount  of  sugar  originally  present  in  the  wort. 

To  effect  this  determination,  the  brewer  has  only  to  evaporate  a  given 
quantity  of  the  beer  to  at  least  one-half,  and  to  till  up  with  water  to 
the  original  bulk.  The  difference  in  the  specific  gravities  before  and 
after  boiling  gives  by  simple  calculation  the  amount  of  alcohol  con- 
tained in  the  beer,  and  which  is  shown  by  reference  to  tables  which 
have  been  specially  constructed.  The  amount  of  alcohol  being  thus 
ascertained,  its  equivalent  in  sugar  is  next  determined,  and  this  is  then 
added  to  the  sugar  contained  in  the  dealcoholised  beer. 
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Specific  Gravity  and  Strength  of  Malt  Extract. 


SpBciflo 
grayity. 


1-000 

1-001 

1-002 

1-003 

1-004 

1-005 

1-006 

1-007 

1-008 

1-009 

1-010 

1-011 

1-012 

1-013 

1-014 

1-015 

1-016 

1-017 

1-018 

1-019 

1-020 

1-021 

1-022 

1-023 


Malt  extract 
in  100  parts  of 
liquid. 


0-000 
0-250 
0-500 

0-  750 

1-  000 
1-250 
1-500 

1-  750 

2-  000 
2-250 
2-500 

2-  750 

3-  000 
3-250 
3-500 

3-  750 

4-  000 
4-250 
4-500 

4-  750 

5-  000 
5-250 
5-500 
5-750 


Specific 
gravity. 


1-024 

1-025 

1-026  • 

1-0-27 

1-028 

1-029 

1-030 

1-031 

1-032 

1-033 

1-034 

1-035 

1-036 

1-037 

1-038 

1-039 

1-040 

1-041 

1-042 

1-043 

1-044 

1-045 

1-046 

1-047 


Malt  extract 
in  100  parts  of 
liquid. 


6-000 
6-244 
6-488 
6-731 

6-  975 

7-  219 
7-463 
7-706 

7-  950 

8-  195 
8-438 
8-681 

8-  925 

9-  170 
9-413 
9-G57 
9-901 

10-142 
10-381 

10-  619 

10-  857 

11-  095 

11-  333 
11-595 


Specific 
gravity. 


1-048 

1-049 

1-050 

1-051 

1-052 

1-053 

1-054 

1-055 

1-0,56 

1-057 

1-058 

1-059 

1-060 

1-061 

1-062 

1-063 

1-064 

1-065 

1-066 

1-067 

1-068 

1-069 

1-070 


Malt  extract 
in  100  parts  of 
liquid. 


11-  809 

12-  047 
12-285 
12-523 

12-  761 

13-  000 
13-238 
13-476 
13-714 

13-  952 

14-  190 
14-428 
14-966 

14-  904 

15-  139 
15-371 
15-604 

15-  837 

16-  070 
10-302 
16-534 

16-  767 

17-  000 


The  less  extractive  matter  a  beer  contains,  the  more  accurate  are  the 
results  thus  obtained,  but  if  a  beer  be  very  rich  in  extractive  matter, 
the  results  are  only  approximate,  and  cannot  be  relied  upon.  Hence 
this  method  is  not  now  deemed  sufficiently  accurate  even  for  the 
practical  pm-poses  of  the  brewer.  But  another  method,  which  we  shall 
shortly  describe,  has  been  devised,  giving  results  of  greater,  but  still  by 
no  means  absolute  accm-acy.  ,    ,  ,  i       ■  c 

Attendino-  the  conversion  of  the  sugar  into  alcohol  there  is  ol  coiuse 
a  very  considerable  duiiinution  in  the  specific  gravity  of  the  liquid,  the 
gravity  of  the  wort  being  always  much  greater  than  that  of  the  beer 
itself 

Now  since  the  brewer  is  allowed  what  is  called  a  '  drawback '  on 
all  beer  exported,  and  this  allowance  is  founded  upon  the  ongmal 
crravityof  the  wort,itis  necessary  that  the  Excise  officer  shoidd  be 
possessed  of  a  method  whereby  he  can  determine  the  gravity  oi  the 
wort  before  fermentation.  ... 

We  have  already  referred  to  one  method  whereby  this  object  is  m 
a  measure  effected,  namely,  by  calcidating  aU  the  extractive  matter 
contained  in  beer  as  sugar,  and  adding  to  it  an  amount  of  sugar  cor- 
responding to  the  alcohol  contained  in  the  beer  •  but  the  extractive 
matters  of  even  genuine  malt  beer  are  compounded  of  several  sub- 
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stances  besides  starct  sugar,  as  gum,  dexti-in,  extractive  matters  of  the 
hop,  undefiued  extractive  matters  of  the  malt,  glycerin,  colouring  matter, 
mineral  matter,  and  in  the  case  of  the  darker  beers,  and  especially  of 
porter  and  stout,  a  considerable  amount  of  caramel.  In  cases  in  which 
starch  sugar  and  cane  sugar  are  directly  added  to  the  wort,  as  is  now 
permitted,  the  causes  of  variation  are  still  further  augmented.  Hence 
it  is  obviously  an  incorrect  method  of  proceeding  to  base  the  calcu- 
lation on  the  supposition  that  the  whole  of  these  matters  comport  them- 
selves exactly  as  does  sugar,  and  are  all  convertible  into  alcohol. 

To  meet  this  objection,  Messrs.  Graham,  liofmaun,  and  Eedwood 
have  made  certain  observations  and  experiments  based  upon  worts  of 
diflereut  gravities  and  of  known  composition.  They  hud  that  the 
specific  gravities  of  solutions  of  starch  sugar,  cane  sugar,  dextrin, 
extractive  substance,  caramel,  pale  and  brown  malt,  which  contain 
equal  quantities  of  carbon,  all  vary,  the  variation  in  each  case  being  in 
the  direction  of  producing  a  less  specific  graAdty  of  the  wort  than  a 
solution  of  starch  sugar  only.  Hence,  had  the  solid  contents  still 
remaining  in  the  beer  all  been  estimated  as  cane  sugar,  the  gravity  would 
have  been  too  high,  and  on  the  other  hand  it  would  appear  that  part 
of  the  starch  sugar  is  capable  of  being  converted  into  an  '  unfermentable 
extractive  matter,'  which  gives  a  solution  of  lower  specific  gravity  for 
the  same  amount  of  carbon,  and  hence  the  estimate  of  the  original 
gravity  would  come  out  too  low ;  indeed,  it  is  afiirmed  that  this 
extractive  substance  indicates  only  about  five-sixths  of  the  saccharine 
principle  from  which  it  is  derived. 

The  experiments  upon  solutions  of  known  composition  by  Messrs. 
Graham,  Hofmann,  and  Redwood  consisted  in  fermenting  these  solutions 
and  analysing  them  in  difierent  stages  of  fermentation.  They  estimated 
the  specific  gravity  of  the  fermented  liquid,  and  distilled  a  measm'ed 
quantity  of  it,  took  the  specific  gravity  of  the  distillate  after  it  had  been 
made  up  to  its  original  bulk  by  the  addition  of  water,  and  they  like- 
wise estimated  the  specific  gravit)'  of  the  residue  in  the  retort  or 
dealcoholised  liquid,  which  also  had  been  made  up  to  its  original  bulk. 
The  difierence  between  the  specific  gravity  of  the  distillate  and  the 
specific  gravity  of  water  they  called  the  *  spirit  indication '  of  the 
beer,  whilst  the  difference  between  the  original  gravity  of  the  wort  and 
of  the  dealcoholised  liquid  they  called  '  gravity  l6st.' 

The  spirit  indication  and  the  gravity  lost  both  may  be  calculated 
for  sugar,  but  it  is  obvious  that  they  cannot  exactly  furnish  the  same 
results.  For  while  the  spirit  indication  is  based  upon  the  specific 
g-ravity  of  the  spirit,  which  may  of  course  be  accurately  calculated 
into  sugar,  the  '  gravity  lost '  is  obtained  from  a  liquid  of  imknown 
composition,  the  gravity  of  which,  as  we  have  seen  above,  is  lower  than 
the  gravity  of  an  equally  strong  solution  of  starch  sugar.  To  make 
the  results  obtained  in  the  latter  way  correspond  with  those  given  by 
the  former  method,  a  larger  number  is  to  be  added  to  the  specific 
graidty  ol'the  fermented  liquid  to  obtain  the  gravity  of  the  original  wort, 
than  to  the  results  obtained  in  the  former  method.    This  difference  is 
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obvious  hy  a  reference  to  the  annexed  tables  by  Messrs.  Graham, 
Hofinann,  and  Redwood,  copied  from  '  Watts's  Dictionaiy.' 

Table  to  ascertain  Original  Gravities  ly  the  Distillation  Process. 

Dearees  of  Spirit  Indication,  with  corresponding  Degrees  of  Gravity  lost  in 
K        ■'    ^  Mall  Worts. 


Degrees  of 

spirit 
indication. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


3-0 
6-G 
10-7 
15-1 
19-5 
24-1 
28-8 
33-7 
39-1 
44-2 
49-0 
54-3 
59-4 
64-8 
76-5 


.1 

1 

*2 

■3 

•4 

•5 

•6 

•7 

•8 

•9 

0-2 

0-6 

0-9 

1-2 

1-5 

1-8 

2-1 

2-4 

2-7 

3-3 

3-7 

4-1 

4-4 

4-8 

5-1 

5-5 

5-9 

6-2 

7-0 

7-4 

7-8 

8'2 

86 

9-0 

9-4 

9-8 

10-2 

11-1 

10-5 

12-0 

12-4 

12-9 

13-3 

13-8 

14-2 

14-7 

15-5 

16-0 

16-4 

16-8 

17-3 

17-7 

18-2 

18-6 

19-1 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

23-1 

23-6 

24-C 

26-0 

25-5 

26-0 

26-4 

26-0 

27-4 

27-8 

28-3 

29-2 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

34-3 

34-8 

35-4 

36'9 

36-5 

37-0 

37-5 

38-0 

38-6 

39-7 

40-2 

40-7 

41-2 

41-7 

42-2 

42-7 

43-2 

43-7 

44-7 

45-1 

45-6 

46-0 

46-5 

47-0 

47-5 

48-0 

48-5 

49-6 

50-1 

50-6 

51-2 

51-7 

62-2 

52-7 

53-3 

53-8 

54-9 

55-4 

55-9 

56-4 

56-9 

57-4 

57-9 

58-4 

58-9 

60-0 

60-5 

61-1 

61-6 

62-2 

62-7 

63-3 

63-8 

64-3 

65-4 

65-9 

66-5 

67-1 

67-6 

68-2 

68-7 

69-3 

69-9 

Table  to  ascertain  Original  Gravities  by  the  Evaporation  Process. 
Dearees  of  Spirit  Indication,  with  corresponding  Degrees  of  Gravity  lost  in 
■     •'  3Ialt  Worts. 


Degrees  of 

spirit 
indication. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


3-5 
7-4 
11-5 
15'8 
20-3 
24-8 
29-5 
34-3 
40-0 
44-9 
50-3 
55-6 
61-0 
66-5 
72-0 


0-3 
3-8 
7-8 
11-2 
16-2 
20-7 
25-2 
30-0 
34-9 
40-5 
45-4 
50-9 
56-2 
61-6 
67-0 


0-7 
4-2 
8  2 
12-4 
16.6 
21-2 
25-6 
30-4 
35-5 
41-0 
46-0 

61-  4 
56-2 

62-  1 
67-6 


1-0 
4-6 
8-7 
12-8 
17-0 
21-6 
26-1 
30-9 
36-0 
41-5 
46-5 
51-9 
67-3 
62-7 
681 


1-4 
5-0 
9-1 
13-2 
17-4 
22-1 
266 
31-6 

56-  6 
42'0 
47-1 
52-5 

57-  8 
63-2 
68-7 


1-7 

5-4 
9-5 
13-6 
17-9 
22-5 
27-0 
31-8 
37-1 
42-5 
47-6 
53'0 
58-3 
63-8 
69-2 


•6 

•7 

•8 

•9 

2-1 

2-4 

2-8 

3-1 

5-8 

6-2 

6-6 

7-0 

9-9 

10-3 

10-7 

11 -1 

14-0 

14-4 

14-8 

15-3 

18-4 

18-8 

19-3 

19-8 

23-0 

23-4 

23-9 

24-3 

27-5 

28-0 

28-5 

29-0 

32-3 

32  8 

33-3 

33-8 

37-7 

38-3 

38-8 

39-4 

430 

43-'i 

44-0 

44-4 

48-2 

48-7 

49-3 

49-8 

63-5 

54-0 

54-5 

550 

58-9 

59-4 

59-9 

60-5 

64-3 

64-9 

65-4 

66-0 

69-8 

70-4 

70-9 

71-1 
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The  first  column  contains  the  whole  degrees  of  the  spirit  indication, 
while  the  tenth  of  the  degrees  are  placed  at  the  top  of  the  other  coluiuns. 
The  degrees  of  gravity  lost  which  are  found  by  going  horizontally  to 
the  right  from  the  degree  of  spirit  indication  lost  until  the  respective 
column  headed  by  the  tenth  of  the  degree  is  reached,  are  to  be  added 
to  the  gra%dty  of  the  fermented  liquid  to  obtain  the  specific  gravity 
of  the  original  wort. 

It  seems  somewhat  strange  that  Messrs.  Graham,  Hofmann,  and 
Redwood  shoidd  not  have  taken  notice  of  the  effect  of  the  extract  of 
the  hops  upon  the  specific  gravity  of  the  wort. 

Mineral  matter.— The  total  solids  of  the  beer,  obtained  as  described, 
are  incinerated  at  the  lowest  possible  teniperatui-e,  and  the  ash  weighed. 

Salt. — The  ash  is  dissolved  in  pure  nitric  acid  and  the  chlorine  is 
precipitated  by  means  of  a  solution  of  niti-ate  of  silver,  the  resulting 
chloride  of  silver  being  washed,  dried  and  weighed. 

The  chlorine  cannot  be  determined  volumetrically  in  the  usual 
manner,  since  the  phosphates  contained  in  the  ash  exert  a  considerable 
influence  upon  the  quantity  of  silver  solution  used. 

Alcohol. — -100  cc.  of  the  beer  are  to  be  neutralised  with  caustic 
soda  and  the  alcohol  distilled  ofl"  and  estimated  from  the  specific 
gravity  of  the  distillate,  after  this  has  been  made  up  to  the  volume  of 
the  beer  employed,  as  described  in  the  article  on  '  Wine.'  We  give 
below  a  table  of  the  specific  gravity  of  mixtiu-es  containing  a  small 
amount  of  alcohol  only : — 


Specific  Gravity  and  Strength  of  Spirits. 


Volume 
per  cent. 

Weight 
per  cent. 

Specific 
gravity. 

Volume 
per  cent. 

Weight 
per  cent. 

Specific 
gravity. 

1-. 

0-80 

0-99850 

3-0 

2-40 

0-99560 

1-1 

0-88 

0-99835 

3-1 

2-48 

0-99546 

1-2 

0-96 

0-99820 

3-2 

2-56 

0-99532 

1-3 

1-04 

0-99805 

3-3 

2-64 

0-99518 

1-4 

1-12 

0-99790 

3-4 

2-72 

0.99504 

1-5 

1-20 

0-99776 

3-5 

2-80 

0-99490 

1-6 

1-28 

0-99760 

3-6 

2-88 

0-99476 

1-7 

1-36 

0-99745 

S-7 

2-96 

0-99462 

1-8 

1-44 

0-99730 

3-8 

3-04 

0-99448 

1-9 

1-.52 

0-99715 

3-9 

3-12 

0-99434 

2-0 

1-GO 

0-99700 

4-0 

3-20 

0-99420 

2-1 

1-68 

0-99686 

4-1 

3-28 

0-99406 

2-2 

1-76 

0-99672 

4-2 

3-36 

0-99392 

2-3 

1-84 

0-99658 

4-3 

3-44 

0-99378 

2-4 

1-92 

0-99644 

4-4 

3-52 

0-99364 

2-5 

2-00 

0  99630 

4-5 

3-60  ' 

0-99350 

2-6 

2-08 

0  99616 

4-6 

3-68 

0-99336 

2-7 

2-16 

0-99602 

4-7 

3-76 

0-99322 

2-8 

2-24 

0-99588 

4-8 

3-84 

0-99308 

2-9 

2-32 

0-99574 

4-9 

3-92  ! 

0-99294 
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Specific  Gravity  and  Strength  of  Spirits— cont. 


Volume 
per  cent. 

Weight 
per  cent. 

1 

Specific 
gravity. 

5'0 

4-00 

u  .jy^oU 

5-1 

4  08 

u  i'y / 

5-2 

4-16 

n-otio 

5-3 

4-24 

u  yy^4i 

54 

4-32 

n.nn-)Oo 

u  yyi^o 

5-5 

4-40 

A.nQ0 1  K 

5-6 

4"48 

u  yj-Ui 

5-7 

4'56 

A. no  1  on 

u  yyioy 

5-8 

4-64 

0-99176 

5-9 

4-72 

0-99163 

6-0 

4-81 

099150 

6-1 

4-89 

0  99137 

6-2 

4-97 

0-99124 

6-3 

506 

0-99111 

6-4 

5-13 

0-99098 

6-5 

5-21 

0-99085 

Volume 

Weight 

Specific 

per  cent. 

per  cent. 

gi  avity. 

6-6 

5"30 

U  9907z 

6*7 

0  ois 

U  yyU.oy 

6-8 

0  4D 

6-9 

C.  CI 

0  Oi 

7-0 

5-C2 

0  99020 

7-1 

5*70 

0  y90o» 

7-2 

5-78 

A.  AOAAf" 

0  98990 

7.!! 

5-86 

0-98984 

7.4 

5-94 

0-98972 

/  0 

6-02 

0-98960 

7-6 

6-11 

0-98949 

7-7 

6-19 

0-98936 

7-8 

6-27 

0-i>8924 

7-9 

6-35 

0-98912 

8-0 

6-43 

0-98900 

Carbonic  acid. — The  free  cartonic  acid  is  to  he  determined  in  tlie 
manner  at  length  described  in  the  article  on  'Aerated  Beverages.' 
Beer  usually  contains  no  more  than  from  O'l  to  0-5  per  cent.,  even 
■when  bottled. 

THE  ADTTITEEATIONS  OF  MAIT  BEVEllAGES. 

Genuine  malt  beverages  shoidd  consist  only  of  the  products  of 
malt,  hops,  and  water,  and  any  addition  to  these  may,  stiictly 
speaking,  be  -viewed  in  the  light  of  an  adulteration.  Such  for  ages  has 
been  the  composition  of  the  malt  beverages  of  this  country.  Now, 
however,  all  this  seems  to  be  threatened  with  a  change.  The  law 
itself  is  revolutionising  the  manufacture  of  beer,  and  is  legalising  the 
•wholesale  adulteration  of  this  national  beverage. 

The  addition  of  cane  sugar,  treacle,  and  salt  to  the  wort  is  now 
permitted ;  indeed,  we  have  met  with  instances  in  which  an  article, 
which  had  been  denominated  beer,  has  been  produced  without  its  con- 
taining a  particle  of  either  malt  or  hops.  _ 

It  may  be  said  that  since  tbe  most  important  constituent  ot  malt 
is  its  sugar,  and  that  it  is  this  which  fm-nishes  the  alcohol  of  the  beer, 
no  great  harm  is  done  by  permitting  the  addition  of  a  further  quantity 
of  sugar.  But  this  mode  of  reasoning  is  veiy  faUacious,  since  extract 
of  malt  contains  a  variety  of  other  substances,  organic  and  mineral, 
besides  sugar,  so  that  the  beverage  produced  from  pm-e  malt  extract 
and  a  mixture  of  this  with  sugar  and  various  other  substances,  is  very 
different  in  its  actual  composition  and  in  its  dietetic  properties  and 
eflects. 
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If  it  be  allowable  to  make  so-called  beer  from  other  constituents 
than  malt  and  hops,  surely  this  should  be  distinfi^uished  from  the 
true  and  genuine  malt  beverages  by  the  adoption  of  some  distinctive 
nimae,  so  that  the  public  may  know  what  they  are  really  consuming, 

The  adulterations  which  either  have  been  or  are  practised  on  beer 
are  multifarious,  and  they  include  the  following: — Water,  sugar  and 
treacle,  liquorice,  burnt  sugar,  vegetable  bitters,  including  iiic^-ic  acid, 
cocculus  indicus  and  strychnia ;  carminatives  and  opium  ;  various  mineral 
adulterations,  as  those  with  alum,  salt,  sulphate  of  iron,  carbonate  of 
lime,  soda,  &c. 

The  adulteration  luith  loater. — The  practice  of  diluting  with  water 
nearly  all  liquid  articles  of  consumption,  especially  those  containing 
alcohol,  is  almost  universal.  This  admixture  is  one  of  the  most  frequent 
adulterations  practised  ijpon  beer,  and  it  is  one  which  is  commonly 
effected  by  the  publican,  '.vho  contrives  to  make  bv  it  three  barrels  of  beer 
out  of  two,  endeavouring-  to  make  up  for  the  dilution  of  the  liquid  and 
the  consequent  loss  of  its  sensible  properties  by  adding  sugar,  including 
burnt  sugar,  to  restore  the  colom-,  and  salt  to  increase  the  pungency 
and  flavoiu".  ° 

Adulteration  with  cane  sugar. — Now,  although  the  addition  of 
sugar  to  the  wort,  including  cane  sugar,  is  allowed  by  law,  we  pre- 
sume such  an  addition  is  not  permissible  to  the  beer  after  it  is  fer- 
mented and  with  a  view  to  its  adulteration  by  means  of  water ;  and 
hence,  when  the  presence  of  cane  sugar  is  demonstrated  in  any  beer, 
it  must  be  taken  as  affording  conclusive  evidence  of  adulteration. 

Sometimes  both  cane  sugar  and  glucose  are  introduced  into  the 
beer  bv  making  use  of  treacle  and  the  form  of  imiuue  suo-ar  termed 
'  foots.'  ° 

Adulteration  tvith  liquorice. — Spanish  juice  or  liquorice  is  not 
unfrequently  used  in  the  adulteration  of  porter  and  stout  for  the 
double  purpose  of  colom-ing  and  sweetening  the  beverage. 

Adulteration  with  burnt  sugar,  caramel,  or  essentia  Una. — When 
malt  is  dried  at  a  high  temperature  and  is  converted  into  what  is 
known  as  black  or  patent  malt,  part  of  the  sugar  is  caramelised,  and 
when  the  biu-nt  sugar  in  the  beer  is  derived  from  this  source  it  is,  of 
course,  not  to  be  regarded  as  an  adulteration.  But  when  bm-nt  sugar 
not  so  derived  is  added  to  cover  and  conceal  the  impoverishment"  of 
the  beer  with  water,  its  presence  must  in  that  case  be  regarded  in  the 
light  of  an  adulteration. 

Adulteration  with  vegetable  hitters. — The  vegetable  bitters  which 
have  been  known  to  be  employed  in  the  adulteration  of  beer  are 
gentian,  chiretta,  quassia,  wormioood,  orange  peel,  orange  ^mivder 
and  camomile — the  last  two  possess  aromatic  properties,  the  camo- 
mile being  likewise  narcotic— also  piicric  acid,  cocculus  indicus,  and 
strychnin. 

A  broad  distinction  is  to  be  drawn  between  the  bitters  first  named 

T  T 
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and  picric  acid,  cocculus  iadicus,  and  strychnin,  since  these  ai-e  all  of 

^'S^jt~$W  a^d,  fbrnaerly  caUed  <f,a.otic  or 
artificial  indiyo  Utter,  OJI^CNO,)  0,  is  ohtamed  from  a  vane^  of 
substances,  amongst  others  the  following:  carhohc  acid  or  phenol, 
salicin  indi.'O,  aloes,  heuzoin  and  other  resins,  and  silk. 

PicrS  acid  crystallises  in  yellow,  shining  laminee  compo^d  of  octa- 
hedronrand  sometimes  in  needles  and  gi-anules.    The  crystals  belong 

'°  t  Stf  IVef  sWy  heated,  into  a  hrownish-yellow  oil,  which 
hecome^  crystaUine  on  cooling.  It  volatilises  undecomposed  at  a  low 
temp'Xe,  and  at  a  higher  temperature  it  ^oils,  giving  off  a  highly 
Stin-  vapour,  which  condenses  into  needles  and  scales.  _ 

When  qiicklV  heated  it  undergoes  decomposition,  accompanied  by 

^  ^;l;1s::stt"intensely  hitter  and  sour  and  -dden^  ^tau^^^ 
In  doses  of  from  1  to  10  grains  many  animals  are  lulled  mcludin^^ 
^hhits  and  do-s,  convulsions  and  delirium  hemg  produced.  It  is 
S  wat^  in  different  P-portions  according  to  ite^^^^^ 
One  nart  of  picric  acid  is  dissolved  m  86  parts  of  water  at  15  O.  ana 
hi  26  mrts  at  77°  0.,  the  solution  being  of  a  deep  yellow  colour  and 
concen'tled  it  staiAs  the  sldn.  It  is  easily  solubl^  in  ^cohol  and 
AtliPr  also  in  warm  concentrated  sulphuric  acid,  troin  wnicn  it  is 
p,e  tiSc.  u«:b..ged  o„  the  "''''"W.,  ' 

s  nSiSnsiw  ^^^^ 

Mf»p>r,uum  J':?"  ^^.^cfof  an  alkaloid  caUed  picm- 
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reducing  power  is  less  by  about  five  times.  It  dissolves  in  strong 
sulphuric  acid,  forming  a  sallron-coloured  solution,  and  with  sulphuric 
acid  and  bicai-bonate  of  potash  the  solution  assumes  a  red-brown  coloui'. 

Strychnin  is  obtained  from  several  species  of  plants  of  the  genus 
Strychtws,  especially  Strychnos  mix  vomica  ;  this  genus  also  contains 
S.  St.  lynatii,  a  plant  yielding  the  beans  of  St.  Ignatius,  and  S.  tieutA 
which  fm-nishes  the  upas-tieut6,  the  Javan  arrow  poison. 

Strychnin  may  be  extracted  IVom  ground  Ignatius  beans  or  from 
nux  vomica  by  exhaustion  with  alcohol.  The  alcohol  is  distilled  oil", 
the  residue  is  dissolved  in  water,  and  a  solution  of  basic  acetate  of 
lead  is  added.  The  strychnin  remains  in  the  solution,  which  is  freed 
from  the  excess  of  lead  by  means  of  sulphuretted  hydrogen  and  then 
boiled  with  magnesia.  Thereby  the  strychnin  is  precipitated,  and  is 
then  pm-ified  by  repeated  crystallisation"  I'rom  alcohol.  100  parts  of 
nux  vomica  yield  about  0  6  parts  of  stiychnin. 

Pm'e  strychnin  crystallises  in  white  four-sided  pyramids  of  the 
trimetric  or  rhombic  system,  which  have  the  formula  ^^^^^jd^.  It 
is  soluble  in  6,667  parts  of  cold  and  2,500  parts  of  boiling  water.  It  has 
an  alkaline  reaction,  and  since  it  resists  putrefaction  it  may  be  extracted 
from  bodies  even  after  they  have  been  bm-ied  for  a  long  period; 
according  to  McAdam  as  long  as  three  years.  ' 

Its  solution  is  intensely  bitter,  and  hence  its  leputed  employment  in 
the  adulteration  of  bitter  beer.  It  is  extremely  poisonous,  one-eighth 
of  a  grain  being  sutiicient  to  kiU  a  large  dog ;  and,  since  it  is  cumulative 
in  its  action,  poisonous  eifects  may  be  produced  by  the  continued  use 
of  this  aUvaloid  even  in  the  minutest  doses. 

The  follovsdng  are  the  circumstances  which  induced  the  editor  of 
the  'Lancet,'  IVIr.  WaMey,  to  imdertake,  through  the  author,  a  very 
extended  and  rigorous  enquiiy  into  the  subject  of  the  alleged  adulte- 
ration of  beer  with  strychnin. 

In  the  year  1850  a  report  came  before  the  public  in  which  it  was 
asserted  that  the  deadly  poison  strychnin  is  commonly  employed  by 
brewers  in  the  manufactm-e  of  'bitter  beer'  or  'pale  ale.' 

The  following  was  the  origin  and  foundation  of  this  report :  

In  the  course  of  a  lecture  delivered  at  the  Conservatoire  des  Arts 
et  Metiers,  M.  Payen  is  asserted  to  have  stated  that  strychnin  was 
prepared  in  large  quantities  in  Paris,  and  that  the  French  authorities 
had  ascertained  that  it  was  destined  for  England,  it  being  employed  in 
the  manufacture  of  the  celebrated  bitter  beer  of  that  country. 

This  statement,  after  having  appeared  in  some  of  the  French  papers 
and  amongst  others  in  the  '  Constitutionnel,'  attracted  the  attention  of 
some  English  journalists,  who  commented  at  some  length  upon  it  in- 
cautiously treating  the  assertion  as  though  its  truth  had  been  fully 
ascertained.  At  length  the  injurious  statement  made  its  way  into  the 
columns  of  the  '  Times '  newspaper,  and  thus  became  univerf  aUy  dis- 
seminated. 

It  was  impossible  for  the  brewers  of  bitter  beer,  the  preparation  of 

y  Y  2 
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which  is  coufined  to  a  small  nuraher  of  persons,  to  pass  by  without 
wuicn  18  couiiuBu  u  ,  immediately  affcctino-  their 

to,.r  K,di=?vXt«o%S  firms,  rtoB.  ot)l«™.  AUsop 
'""Wse  celebrated  Wers  rngsested  a«t  their  litter  beer  ehould 

FppUi,  "that  the  suhiect  was  one  of  great  importance  ;  that  it  in- 
volved       pub  ic  health  to  a  gTeat  de|ree,  and  also  the  pecuniary 

""ttdeitoputC^^^ 

,„d  tS'cStlrrf,»-..,,™,-'n  .0  other  ..gredrent  of  ..J 

amination,  microscopical,  ^^l^efi^t  ^    i^^rpedoranV  other  ingre- 

aid  Hofm.oo,  at  the  request  M''»M'3i7P  ,„  their  puUlished 
^;SitT£f  tKr^sStailS  "S;er  the  sli.hLt  trace 

,trvcl.ni.Woyjd  ^Ho'rro  LSrAispoiut,  it  is 
rss^«in  etr°|l'onhe  ^r.^ti  ^  — inTX 
:S^«lrrw£ch%?;"sr4  ^  .o  .scertai.  the 
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amount  of  strychuin  which  may  be  introduced  into  the  sj'stem  with 
safety  to  health  and  lil'e.  With  respect  to  its  bitterness,  we  hud  that 
one  grain  only  of  strychnin  imparts  a  decided  and  persistent  bitterness 
to  at  least  40,000  grains  of  water,  or  upwards  of  half  a  gallon ;  but  the 
taste  of  the  same  quantity  of  strychnin  is  perceptible  when  diluted 
with  420,000  gi'aius,  or  six  gallons  of  water. 

But  it  must  be  remembered  that  most  beers  contain  free  acetic 
acid  in  variable  amount,  and  that,  therefore,  strychnin  added  to  beer 
becomes  converted  into  acetate  of  strychnia.  Now  this  salt,  although 
very  bitter,  is  less  so  than  strychnin  itself:  consequently,  a  larger 
amount  of  the  combined  alkaloid  is  necessary  to  impart  the  same  degree 
of  bitterness. 

We  have  ascertained  that  no  less  than  three  grains  of  acetate  of 
sti'ychnia  are  needed  to  give  a  persistent  and  suitable  bitterness  to 
half  a  gallon  of  water;  it  is  therefore  evident  that  not  less  than  one 
grain  and  a  half  of  strychnin  in  combination  with  acetic  acid  would  be 
requii-ed  to  impart  such  a  degree  of  bitterness  to  the  same  quantity  of 
beer  as  to  render  its  use  in  the  preparation  of  bitter  beer  a  matter  of 
any  moment.  Now  a  quantity  of  strychnin  so  considerable  as  this 
could  not  be  taken  in  beer  even  without  danger  to  life.  Were  the 
quantity  present  in  beer  much  below  this,  its  use  woidd  still  be 
attended  with  the  greatest  dang-er,  since  this  poison,  like  digitalis, 
colchicum,  and  certain  other  active  vegetable  products,  is  liable  to  be 
retained  in  the  system,  and  to  accumulate  in  it  to  such  an  extent  as 
at  length  to  give  rise  to  the  tetanic  spasms  and  other  consequences 
symptomatic  of  poisoning  by  strychnin. 

F;.-om  all  these  considerations,  therefore,  we  conclude  that  the  state- 
ment made  concerning  the  use  of  sti-ychnin  in  beer  is  scarcely  consistent, 
with  probability. 

Narcotics. — The  hop  is  employed  in  the  manufacture  of  beer,  partly 
for  its  bitter,  and  partly  on  accoiint  of  its  narcotic,  properties,  and  the 
same  remark  applies  to  cocculus  indicus  ;  but  tobacco  and  opium,  which 
have  also  been  resorted  to,  are  used  mainly  for  their  narcotic  or  sopo- 
rific effects,  which  simulate  somewhat  those  of  the  hop. 

We  believe  that  the  employment  of  both  tobacco  and  opium  are  so 
rare  that  it  is  scarcely  necessary  to  enter  into  any  long  description 
of  the  composition  and  properties  of  the  active  principles  contained  in 
those  substances.  We  shall,  however,  give  the  method  for  the  detec- 
tion in  the  one  case  of  the  nicotin  and  in  the  other  of  the  morphiu, 
which  are  their  two  most  important  and  distinctive  principles. 

Carminatives. — The  carminatives  of  the  use  of  which  there  is  evi- 
dence are  ginger,  coriander,  caraway  seeds,  cardamom  seeds,  grains  of 
jmradise  and  caijsicum,  the  whole  of  which  will  be  found  described  in 
their  appropriate  places. 

Mineral  adulterants. — A  great  variety  of  mineral  substances  are 
employed  in  the  adulteration  of  beer.  Some  of  these  are  used  to  give 
the  beer  an  appearance  of  strength  and  to  make  it  iroth,bead  or  'head' 
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woll.  The  substances  employed  for  this  purpose  are  chiefly  sulphate 
of  iron,  alum,  and  salt;  others,  as  chalk  and  the  alkalies,^ve  meA  to 
correct  undue  acidity;  and  again  olhers,  as  sulphuric  acid  and  cream 
ofrartra^m^vtJeoi  pota'lh,  to  give  to  the  beer  a  tartness  or  hard- 
nW  characteristic  of  age,W  which  is  preferred  by         beer  dnr^^^^ 

Tt  has  already  been  stated  that  the  law  allows  of  the  addition  ot 
a  certain  quantity  of  which  must  not  exceed  50  grams  per 
Jlof  fncSng^hat  contained  in  the  water  used  in  the  brewing 
and  thi  additioS  it  permits  for  no  sufficient  reason,  lending  its  official 
Unction  this  case,  as  in  so  many  others,  to  the  detenoration  and 
«dulteration  of  an  important  article  of  consumption. 

ifappears  from  our  analyses  that  salt  is  ahnost  constantly  present 
innortef  This  addition  we  Imow  is  made  in  the  first  instance  by 
the^ brewers  themselves;  but  there  is  also  no  doubt  that  a  fm:ther 
iuantiTis  frequently  used  by  the  publican  to  assist  in  bringing 
?xp  the  flavour  of  beer  which  has  been  reduced  m  strength  by  the 
Addition  of  water.  The  quantity  of  salt  contained  m  porter  is  often 
suffi  eutW  Sge  to  coZunicate  a  perceptibly  saline  taste  to  the 
r^S  Jhe  salt  is  used  by  the  brewers  in  the  foUowing  manner  :-It 
rSst  mixed  up  in  a  tub  with  flom,  usually  wheat  flour  and  the 
S.ix toe  S  catt  b^  handfuls  over  the  sm-face  of  the  wort  -  the  coohng 
vat  It  is  said  to  assist  in  the  preservation  and  fining  of  the  wort 
Ind  it  is  alleged  that  these  are  the  only  purposes  for  wbich  it  is 

'"KpiSenc:  ofTon,  which  is  added  cMefly  to  stout,  causes  it  of 
course  to  be  more  sti-eng  hening  and  tonic,  but  iron  is  a  tonic  which  does 

the  ilbioined  evidence  in  regard  to  the  adidteration  of  beer 

'Tt  is  chiefly  covimon  salt  ^ni  sulphate  of  iron  that  ai-e  used  for 

adulterating  beer,  and  also  quasmi: 

Atr  Edmn  Wickham's  evidence  was  to  this  ettect .— 

common  thing?  '-'Very  common,  so  much  so  that  the  exception 

one  pound  of  gelatra  (or  patent  size        ao^'  ori<^nal  bitter 

salt,  extract  of  gentian  or  quassia  to  restoie  to  it  tue  ongi 
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flavour,  sulphate  of  ammonia  to  bring  it  back  to  its  colour,  half  an 
ounce  of  sulphate  of  iron,  and  if  requii-ed  to  taste  oldish,  an  ounce  of 
roche  alum.' 

Again,  Mr.  Wickham  affirmed — '  I  have  known  single  instances 
of  tobacco  being  used  in  beer.' 

Mr.  P.  L.  Simmonds,  in  evidence  before  the  same  Parliamentary 
Committee,  stated  that  '  at  least  250  tons  of  cocculus  indicus  are 
annually  imported,  chieMy,  I  suppose,  for  the  use  of  brevrers.' 

He  further  stated  that  '  from  200  to  300  tons  of  the  acrid  seeds 
of  cardamom,  or  grains  of  paradise,  are  also  annually  imported,  and 
chiefly  used  to  give  an  artificial  strength  to  beer  and  spirits.'  Also 
that  *  cocculus  indicus  is  commonly  introduced  into  beer  for  the  pur- 
pose of  giving  a  false  strength  to  it.  In  one  case  which  came  under  my 
knowledge,  the  publican  was  found  using  it  for  the  purpose  of  adulte- 
rating his  beer  to  be  sold  the  next  day.' 

Mr.  Gav,  in  the  evidence  before  quoted  from  more  than  once,  gave 
tlie  following  iniormanonm  regard  to  cocculus  indicus : — 

He  stated  '  I  have  ground  many  hundredweights  of  cocculus  indicus.' 

Mr.  Moffatt.  '  What  is  it  used  for  ? ' — '  I  suspect  to  go  into  the  poor 
man's  drink.' 

'  For  whom  did  you  gi-ind  cocculus  indicxis  ?  ' — '  For  wholesale 
druggists.' 

Mr.  Rodgers  alleged  in  his  evidence  that '  cocculus  indicus  can  be 
obtained  from  the  brewers'  druggists  under  the  name  of  multmn.' 

Mr.  Simmonds  also  made  this  remark  in  his  evidence — '  In  the 
suburbs  of  London  I  may  mention  that  it  is  a  common  practice  vtith 
the  publicans  to  adulterate  beer  on  Satui'day  nights  much  more  than 
on  other  nights.' 

He  likewise  deduced  the  inference  that  beer  is  extensively  adulte- 
rated from  the  following  statistical  particulars : — 

'  There  is  one  matter,'  he  observed,  '  which  occurs  to  me  as  being 
exceedingly  singular,  which  is  that  the  consimiption  of  malt  and  hops 
continued  stationary,  though  the  consimiption  of  beer,  with  the  in- 
creasing population,  must  have  increased  very  largely.  In  the  last  fifteen 
years  there  has  been  scarcely  any  variation  in  the  amount  of  hops  con- 
sumed, and  some  substances  must  therefore  be  used  very  extensively 
to  make  up  the  difference.  The  extent  of  land  under  cultivation  for 
hops  in  the  last  three  years  has  averaged  60^000  acres,  being  only 
7,000  acres  beyond  the  culture  of  thirty  years  ago.  The  home  produc- 
tion in  the  last  ten  years  has  scarcely  increased  at  all,  and  yet  the  ship- 
ments of  beer  and  ale  have  more  than  trebled  in  value,  and  the  home 
consimiption  must  necessarily  have  increased  also.' 

Another  fact,  proving  the  extensive  practice  of  adulteration  in  beer, 
was  related  by  Mr.  Wickham,  in  reply  to  the  question  by  Mr.  Swift :  

'  Is  it  not  customary  for  publicans  to  sell  the  beer  at  the  price 
which  they  pay  to  the  brewers,  so  that  this  adulteration  forms  their 
actual  profit  ?  ' — '  Yes,  many  publicans  do  so,' 
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Mr  Morris,  who  wi-ote  a  book  some  years  since,  entitled  '  Brewing 
Malt  Liquors'  described  and  recommended  a  variety  of  articles  to 
be  employed  in  the  brewing  of  beer  and  porter,  as  colouring,  cocculus 
indicus,  sweet  fiaq  root,  quassia,  coriander  seeds  capsicum,  caraway 
seeds,  grains  ot"  paradise,  ginger,  beam,  oyster  she  Is,  a°d  alium  The 
colouiino-,'  Mr.  Morris  remarked, '  gives  a  good  face  to  the  beer,  and 
enables  you  to  gratify  the  sight  of  your  diflerent  customers.  And 
aSn  'Beans  tend  to  mellow  malt  Uquor,  and  from  their  properties 
add  much  to  its  inebriating  qualities;  but  they  must  not  be  used  m 
too  large  a  quantity.  Oyster  shells  are  very  good  to  recover  sour  beer 
'  Alum  is  gene/ally  put  into  the  vat,  as  it  gives  the  beer  a  smack  of 

*^^''  Cocculus  indicus  is  used  as  a  substitute  for  malt  and  hops,  and  is 
a  e-reat  preservative  of  malt  liquor.  It  prevents  second  fei-mentation 
L  bottled  beer,  and  consequently  the  bm-sting  of  the  bottles  m  warm 
climates.    Its  effects  are  of  an  inebriating  nature.  ,      ,  • 

Tnother  writer,  Mr.  Child,  also  the  author  of  a  work  on  brewing 
porter,  which  went  through  eleven  editions,  gave  the  following  receipt 
for- making  porter : — 


1  quarter  of  malt. 

8  lbs.  of  hops. 

9  lbs.  of  treacle. 

8  lbs.  of  liquorice  root. 
8  lbs.  of  essentia  bina. 
8  lbs.  of  colour. 
Capj-icum,  half  an  ounce. 
Spanish  liquorice,  two  ounces. 


Cocculus  indicus,  a  quarter  of  an 
ounce. 

Salt  of  tartar,  two  drachms. 
Heading. 

Ginger,  three  ounces. 
Lime,  four  ounces. 
Linseed,  one  ounce. 
Cinnamon,  two  drachms. 


The  essentia  bina,  he  states,  '  is  compoimded  of  8  Ibs^  V'"^^* 
sugar  boiled  in  an  iron  vessel  (for  no  copper  one  cou  d  withstand  tne 
heat  suffidentiy)  till  it  comes  to  a  thick,  syrupy  consistence,  perfectly 

amiddfe  state  between  bitter  and  sweet,  and  which  gives  to  porter 
+>.nt  mild  mellow  colour  usually  so  much  admired. 

The  heSing  '  is  a  mixture  o'f  half  alum  and  half  copperas  ground 
to  a  fine  powder  ;  and  is  so  caUed  fi-om  giving  to  porter  the  beantiftd 
head  of  froTh  which  constitutes  one  of  its  peculiar  properties  and 
Sch  landlords  are  so  anxious  to  raise  to  gratify  their  customers. 

Other  receipts  by  Mr.  Morris  are  as  loliow:— 

Malt,  25  quarters. 

cwt.   qrs.  lbs. 
12  0 

Hops  ■       ■       ■  0       0  6 

Cocculus  indicus  berry  •      •       •      "      q      q  30 

Leghorn  juice  

Porter  extract 
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Malt,  20  quarters. 

Hops 

Cocculus  indicus  berry  . 
Sugar     .      .  ... 
Fabia  amara  (nux  vomica;  . 

He  also  gave  the  following  dii-ections : — 

To  make  up  a  Vat  of  150  Barrels. 

'  Use  half  a  barrel  of  colouring,  a  quarter  of  a  hundredweight  of 
cream  of  tartar,  a  quarter  of  a  hundredweight  of  ground  alum,  one 
pound  of  salt  of  steel,  and  two  barrels  of  strong  finings.  Mix  these 
well  together,  and  put  them  in  a  vat,  rousing  it  thoroughly  at  the 
same  time.  Let  the  vat  remain  open  three  days,  then  close  it  and 
sand  it  over.  In  a  fortnight  it  will  be  fit  for  use— your-  own  good  sense 
will  inform  you  how  to  employ  it  to  advantage.' 

The  extensive  employment  of  various  drugs  for  porter  brewing  led, 
many  years  since,  to  the  establishment  of  a  class  of  men  termed 
'  brewers'  druggists.'  These  persons  issued  regular  price-currents,  and 
they  made  it  their  business  to  send  travellers  all  over  the  country  with 
lists  and  samples  exhibiting  the  price  and  quality  of  the  articles 
manufactured  by  them. 

Ml-.  Accum  states  that  '  theii-  ti-ade  spread  far  and  wide,  but  it 
was  amongst  the  country  brewers  chiefly  that  they  found  the  most  cus- 
tomere,  and  it  is  amongst  them,  up  to  the  present  day,  as  I  am  assiu-ed 
by  some  of  these  operators,  on  whose  veracity  I  can  rely,  that  the 
greatest  quantities  of  unlawful  ingredients  are  sold.' 

'  It  was  at  the  same  time,  also,'  writes  Accum,  '  that  a  Mr.  Jackson, 
of  notorious  memory,  fell  upon  the  idea  of  brewing  beer  fi-om  various 
druffs  without  any  malt  and  hops.  This  chemist  did  not  turn  brewer 
himself,  but  he  struck  out  the  more  profitable  trade  of  teaching  his 
mysteiy  to  the  brewers  for  a  handsome  fee.  From  that  time  foi-wards, 
written  directions  and  receipt-books  for  using  the  chemical  prepara- 
tions to  be  substituted  for  malt  and  hops  were  respectively  sold ;  and 
many  adepts  soon  afterwards  appeared  eveiywhere  to  instruct  brewers 
in  the  nefarious  practice  first  pointed  out  by  Mr.  J ackson.' 

The  following  remark,  contained  in  Dr.  Normandy's  work,  entitled 
'  Commercial  Handbook  of  Chemical  Analysis,'  would  lead  us  to 
infer  that  the  fraternity  of  brewers'  druggists  is  not  even  yet  ex- 
tinct : — 

'  It  is  a  publicly  known  fact  that  carts  may  be  seen  bearing  the 

inscription,  in  staring  paint,  of  "  0  ;  brewers'  druggists."    Such  a 

cart  I  have  myself  seen  a  few  days  ago  standing,  in  the  broad  light  of 
midday,  before  a  publican's  shop  or  gin  palace.' 


cwt.    qrs.  lbs, 


2 

0 

0 

0 

0 

4 

0 

0 

28 

0 

0 

6 
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Some  idea  of  tlie  extent  to  which  porter  is  adulterated  may  also  he 
formed  ft-om  the  two  following  circumstances : — 

It  has  heen  shown  hefore  the  Parliamentary  Committee  on  Puhlic- 
Ilouses,  on  the  clearest  evidence,  that  it  is  quite  impossible  for  a  pub- 
lican to  realise  any  profit  by  the  sale  of  beer  without  having  recourse 
to  adulteration. 

Again,  Mr.  M  Oulloch,  a  witness  before  the  same  Committee,  not 
only  deposed  to  the  fact  of  the  extensive  adulteration  of  beer  by  pub- 
licans, but  he  also  estimated  the  loss  to  the  State  arising  out  of  that 
adulteration  at  100,000/.,  in  consequence  of  the  diminished  consump- 
tion of  malt. 

Not  only  is  beer  itself  adulterated,  but  frequently  the  very  mate- 
rials out  of  which  it  is  made  are  also  adulterated,  as  the  hops  and 
malt. 

The  Adulteration  of  Malt. 
Barley  is  sometimes  substituted  for  malt,  to  the  great  loss  of  the 
revenue. 

The  Adulteration  of  Hops. 

In  regard  to  the  adulteration  of  hops,  Mr.  Phillips  gave  the  following 
information  before  the  Committee  on  Adulteration  in  1855: — 'Most 
of  the  40  samples  of  hops  I  have  spoken  of  conta.med  ff rains  of  para- 
dise ;  in  one  instance  we  had  cooculus  indicus,  but  only  in  one  instance.' 

These  40  samples  of  hops  were  examined  by  the  Excise  in  twelve 
years,  and  out  of  them  35  were  found  to  be  adulterated,  the  substances 
met  vdth  being  grains  of  paradise,  quassia,  chiretta,  gentian,  camomile 
Jloioers,  coriander  seeds,  and  in  one  instance  cocculus  indicus,  and  in 
another,  exhausted  tobacco. 

Results  of  the  Examination  of  Samples  of  Porter  and  Stout. 

The  results  of  the  chemical  examination  oi  ffty-tioo  samples  of 
stout  and  porter,  there  being  thirty-two  of  the  former  and  twenty  of 
the  latter,  procui-ed  both  from  brewers  and  publicans,  were:— 

The  samples  of  stout  either  obtained  from  agents,  or  purchased 
at  the  taps  of  several  of  the  principal  London  porter  brewers,  were 
considerablv  stronger  than  those  procm-ed  from  publicans  ;  the  alcohol, 
of  specitic  gravity  -796,  temperatm-e  15-5°  C,  contained  in  thefoimer 
samples  ranged  from  7-15  per  cent,  by  volume  the  highest,  to  4-53  the 
lowest ;  whereas  that  of  the  stouts  procured  from  pubheans  varied, 
with  one  exception,  from  4-87  per  cent,  to  3-25  per  cent. 

The  same  difference  of  strength  also  characterised  the  various 
samples  of  poetbr  procured  from  the  two  different  som-ces;  the 
amount  of  alcohol  in  the  porters  obtained  from  the  taps  varying  irom 
4-51  per  cent,  to  2-42  per  cent. ;  whereas  those  purchased  ot  publicans 
ranged  from  3-97  per  cent,  to  I'Bl  per  cent. 
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In  nearly  all  the  stouts  and  porters  salt  was  present,  often  in 
considerable  amount.  vi  • 

In  some  of  the  samples  cane  sugar  and  treacle  were  likewise 

^^'^^Great  as  was  the  variation  in  the  streno-th  of  the  different  samples, 
arisino-  maiuh'  from  dilution  with  neater,  there  is  no  doubt  hut  that  if 
the  porter  and  stout  had  been  procured  direct  fi-om  the  brewers,  in 
place  of  from  the  public-houses  known  as  brewers'  taps,  the  dillerence 
would  have  been  foimd  to  be  still  greater. 

Such  is  the  simplest  form  which  the  adulteration  of  these  beverages 
assumes  ;  not  unfrequently  it  takes  a  more  complicated  and  serious 

^"^^^he  receipt  or  formula  according  to  which  the  majority  of  articles 
of  consumption  are  adulterated,  is  an  exceedingly  simple  one. 

First  there  is  something  added  to  augment  the  weight  and  bulk  of 
the  article;  then  something  to  restore  the  lost  colour;  and  lastly, 
something  to  give  to  the  adulterated  and  weakened  compound,  as  far  as 
possible,  the  taste  and  qualities  possessed  by  the  genuine  commodity. 

It  is  according  to  thi§  formula  that  porter  and  stout  are  adulte- 
rated ;  first  tuater  is  added  to  increase  the  bulk,  and  then  treacle,  sugar, 
and  salt,  to  restore  the  colour  and  flavour. 

The  dilution  of  the  beer  makes  it  less  intoxicating,  and  hence  the 
occasional  use  of  a  variety  of  the  other  articles  intended  to  impart  to 
it  the  semblance  of  strength. 

Mr.  PhiUips  found  that  grains  of  jmradise  had  been  added  in  14 
out  of  20  samples  subjected  to  analysis. 

Out  of  20  samples  of  adulterated  beer,  examined  in  1863,  Mr. 
PhiUips  found  cocculus  indicus  in  large  quantities  in  two  instances, 
and  in  one  tobacco. 

The  remedy  by  which  the  adulteration  of  malt  liquors  may  be  met 
appears  to  us  to  be  clear  and  simple,  and  it  is  one  to  which  we  some 
years  since  had  the  opportunity  of  directing  the  attention  of  the  Com- 
mittee of  the  House  of  Commons  on  Public-Houses ;  it  is,  that  no 
malt  liquors  should  be  jwrmitted  to  be  sold  by  any  publican  under  cer- 
tain fixed  or  standard  strengths,  the  tests  of  streug-th  being  not  the 
specific  gravity  of  the  beers,  but  principally  the  amount  or  percentage 
of  alcohol  contained  in  them. 

Such  a  regulation,  properly  enforced,  would  effectually  put  a  stop 
to  the  adulteration  of  malt  "liquors  by  the  addition  of  water,  sugar, 
salt,  and  most  of  tlie  other  substances  mentioned  in  this  report; 
and  it  need  not  in  any  way  interfere  with  the  different  recog- 
nised sti-engths  and  qualities  of  malt  liquors  now  in  use,  as  single  and 
double  stouts,  ales,  and  porters. 

It  having  been  proved  that  beer  is  very  extensively  adulterated,  let 
us  now  enquire  how  far  the  Excise  at  the  time  when  the  above  analyses 
were  made  protected  the  revenue  in  the  case  of  this  article. 
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As  has  been  shown,  malt  and  hops,  the  ingredients  used  in  brewing 
beer,  are  both  adulterated,  as  is  also  the  heer  itself. 

It  appears  from  the  evidence  of  Mr.  Phillips,  akeady  quoted,  that 
the  Excise,  with  its  70  chemists  and  4,000  inspectors,  in  the  course  of 
twelve  years,  examined  only  40  samples  of  hojis,  of  which  35  were 
adulterated. 

With  regard  to  malt,  the  Excise  was  then  inastate  of  happy  igno- 
rance, as  appears  from  the  following  remarhs  of  I\Ir.  Phillips:  — 

Mr.  Villiers.  '  AVhat  information  can  you  give  us  respecting  malt  ? ' 
— '  The  fact  is,  we  have  been  in  some  difficulty  about  that,  and  I  be- 
lieve we  have  arrived  at  a  means  by  which  we  can  detect  any  mixtuxe. 
It  is  possible  we  may  have  been  defrauded  of  malt  duty  by  the  mix- 
tuie  of  grain ;  some  traders  assert  we  have  largely,  but  I  cannot  say  of 
my  own  Imowledge.' 

'  What  would'be  the  nature  of  the  mixtiu-e  ? '— '  Chiefly  barley,  1 

^'^^The  Excise  was  but  little  better  informed  respecting  heer.  Of  1 ,139 
samples  examined  by  the  Excise  in  twelve  years,  tal{en,when  about  to 
be  exported,  from  vessels  for  the  purpose  of  ascertaining  their  gravity 
so  that  the  drawback  might  be  allowed,  that  scientific  body  succeeded 
in  discovering  adulteration  in  only  twelve  samples. 

Such  is  a  summary  of  all  that  the  scientific  department  ot  the 
Excise  at  the  time  referred  to  had  been  able  to  effect  in  discovering 
adulterations  in  hops,  malt,  and  beer. 

THE  DETECTION  OE  THE  ADtTLTEBATIONS  OE  MAIT  BEVEEAGES. 

Detection  of  water.— The,  presence  of  added  water  can  only  be  in- 
ferred when  the  specific  gravity,  total  solids,  including  mineral  matter, 
and  alcohol,  are  all  below  those  characteristic  of  beer  of  good  quabty. 
Hence  it  is  necessary  that  the  analyst  should  be  furnished  with  certain 
authoritative  standards  to  guide  him.  What  these  standards  should  be 
we  have  abeady  endeavoured  to  indicate  in  the  definition  given  at  the 
head  of  this  article.  It  may  seem  somewhat  arbitrary  to  prohibit  a 
brewer  from  making  malt  beverages  of  any  strength  he  thinks  fat ;  but, 
inasmuch  as  he  sells  these  beverages  imder  certain  distinct  names,  as 
beer,  ale,  porter,  and  stout,  it  is  only  just  that  the  public  should  have 
the  means  of  knowing  what  those  names  really  signify,  and  this  k-now- 
ledse  must  be  based  upon  the  actual  composition  of  these  beverages. 

It  is  not  insisted  that  they  should  always  be  of  one  invariable 
strength  and  composition,  but  only  that  they  shoidd  never  be  permit- 
ted to  fall  below  a  certain  very  moderate  standard.  In  no  other  way 
than  this  is  it  possible  to  prevent  the  adidteration  of  malt  beverages 

^^Stl^dards  of  comparison  are  equally  required,  as  we  have  akeady 
seen,  in  the  case  of  milli  and  spirits.  , 
Detection  of  cane  sw<7«r. -Under  this  head  we  mclude  molasses  and 
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treacle,  since  these  contain  a  considerable  portion  of  cane  sugar.  Of 
coui-se  if  cane  sugar  be  added  to  the  wort,  it  will  no  longer  exist  as 
such  in  the  fermented  beverage;  it  will  all  have  been  transformed  into 
glucose  and  alcohol,  and  hence  its  discovery  would  be  possible  only 
bv  indirect  methods,  that  is  to  say  by  detecting  in  the  sediment  of  the 
beer  either  the  sugar  acarus  or  the  dotted  and  characteristic  particles 
of  the  sngar-cane. 

When,  however,  the  cane  sugar  has  been  added,  as  it  frequently  is 
after  the  fermentation  of  the  beer,  as  when  two  barrels  of  beer  are 
made  by  the  publicans  into  three  barrels — a  common  practice,  as  has 
abeady  been  explained— then  its  discovery  is  more  practicable.  '  Not 
unfrequently  cr3^3tals  of  cane  sugar  may  be  obtained  by  the  carefid 
evaporation  of  the  extract  of  the  beer,  especially  if  the  sugar  has  been 
added  in  the  raw  state,  and  not  as  treacle.  Or  the  cane  sugar  may  be 
estimated  after  its  conversion  into  glucose  by  boiling  in  the  usual 
manner  with  dilute  sulphiu-ic  acid.  Of  course  the  dextrin  proper  to 
the  beer  is  converted  at  the  same  time,  but  there  should  be  a  certain 
relation,  more  or  less  definite,  between  the  amounts  of  starch  sugar 
and  dextrin  in  genuine  beer,  a  relation  which  would  be  entirely  de- 
stroyed if  cane  sugar  had  been  added. 

Again,  in  this  case  there  is  an  increased  chance  of  detecting  by  the 
microscope  in  the  residue  of  the  beer  the  sugar  acarus  and  the  frag- 
ments of  the  sugar-cane. 

Detection  of  liquorice. — This  substance  is  usually  added  to  the  porter 
or  stout  in  the  same  manner  as  the  cane  sugar  after  fermentation.  If 
liquorice  has  been  employed  in  the  adulteration  of  any  beer,  we 
believe  that  its  presence  would  be  sufficiently  indicated  by  the  taste  of 
the  carefully  evaporated  extract,  and  again,  since  stick  liquorice  is 
almost  always  adidterated,  very  frequently  with  diiierent  lands  of  flour 
or  starch,  and  since  also  it  is  usually  much  contaminated  with  copper, 
we  are  fm-nished  in  these  particulars  with  methods  whereby  in  some 
cases  it  would  be  possible  to  detect  the  presence  of  liquorice  in  beer. 

For  the  flom-  or  starch  search  should  be  made  in  the  deposit  in  the 
cask,  which  may  be  readily  obtained  by  means  of  a  long  glass  tube, 
while  for  the  detection  of  the  copper  a  considerable  amount  of  the  beer, 
including  some  of  the  residue  at  the  bottom  of  the  cask,  should  be 
evaporated,  the  residue  incinerated  and  the  ash  tested  for  copper  in 
the  usual  manner. 

Furthermore  liquorice  contains  a  peculiar  form  of  sugar,  named 
glycipThizin.  This  is  distinguished  from  other  sugars  by  being  un- 
fermentable  and  by  its  solubility  in  ether,  whereby  it  may  be  extracted 
from  the  residue  oi  the  beer  obtained  by  evaporation. 

Detection  of  burnt  sugar. — Since  black  or  patent  malt  contains  a 
large  amount  of  burnt  sugar,  it  is  of  course  not  possible  to  state  in  any 
case  whether  that  substance  has  been  directly  added  to  the  beer,  or 
whether  it  has  been  introduced  through  the  malt  employed. 

According  to  R.  Schuster  ('  Dingier  s  Polyt.  Jouru.')  genuine  beer, 
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■when  shaken  with  a  solution  of  tannin,  hecomes  decoloiised,  while 
that  coloured  with  burnt  sugar  still  retains  the  greater  part  of  its 

colour.  p  ,    1  • 

Detection  of  vegetable  hitters. — Several  of  the  hitter  suhstances  re- 
ferred to  under  tlie  head  of  the  adulteration  of  beer  contain  active 
crystaUisahle  substances,  which  in  some  cases  will  serve  for  the  iden- 
tification of  the  bitter.  This  is  notably  the  case  with  gentian,  quassia, 
and  wormwood.  Gentian  contains  a  crystallisable  acid,  called  f/entianic 
acid,  having  the  formula  G,Jl,oO^;  this  is  not,  however,  the  bitter 
principle  of  the  root.  ,  •  ,  ^, 

Quassia  also  contains  a  crystaUisable  substance,  to  which  the  bitter- 
ness of  the  root  is  due,  and  which  is  termed  quassin.  It  is  obtained 
from  the  root  by  extraction  with  alcohol,  the  crystals  being  small  white 
opaque  prisms,  permanent  in  the  au-,  inodorous,  and  possessing  a  very 

bitter  principle.  , .     ,     .7  ■    n  tt  r> 

The  active  principle  of  wormwoorf  IS  rt6s!/m/«n,  UigUojUs. 

For  further  details  respecting  these  substances  see  '  Watts's  Dic- 

tionarv.'  ,         ,  ^^  j. 

Mr.  Sorby  states  that  he  can  detect,  by  means  of  the  spectroscope, 
calumha  root  when  present  in  the  proportion  of  not  less  than  2  ounces 
in  the  gallon.  He  evaporates  a  portion  of  the  suspected  beer,  ex- 
hausts the  syrup  with  alcohol,  and  evaporates  this  solution  to  dryness. 
A  solution  of  hypochloride  of  soda  is  then  added,  and  the  spectrum 

observed.    Genuine  beer  wiU  give  a  spectriun  7  .  .  8  9— of 

Sorby's  scale,  while  caliuuba  root  furnishes  one  at  3^  .  .  4^  _  0.— 

Sorby  '  Quarterly  Jom-nal  Microscopical  Science,'  vol.  xxxvi. 

The  other  substances  named  are  chiretta,  hitter  orange  peel,  and 
camomUe,  but  little  is  as  yet  known  of  the  chemistry  of  these 
substances,  and  it  is  uncertain  tvhether  they  contain  any  active  pnn- 
ciples  or  not  which  would  allow  of  their  identificatiou.  ^  , 

Hence  in  the  present  state  of  science  it  may  be  interred  that  it 
would  be  impossible  to  identify  in  aU  cases  the  bitter  substances  em- 
nloved  in  the  adulteration  of  beer,  and  as  a  substitute  for  hops  btiU, 
in  many  instances  it  would  be  practicable  to  establish  the  fact  that 
some  bitter  substance  has  been  added  to  beer  other  than  the  lupulin  of 

Section  of  picric  acid.-^L  Lassaigne  finds  that  this  substtmce 
is  not  precipitated  by  subacetate  of  lead,  which  throws  down  most  of 
the  other  colom-ing  matters  of  beer,  as  well  as  the  bitter  principle  of 
hops,  and  also  that  it  is  not  absorbed  by  common  bone  charcoal 
thoroughly  purified  by  acids.  By  means  of  one  or  other  of  these  sub- 
stances%e  Lcceeds  in  obtaining  a  tolerably  pure  solution  of  picric 
acid  M.  Lassaigne  states  that  while  pitre  beer  is  ahnost  entn^ely 
decolorised  by  either  subacetate  of  lead  or  purified  bone  charcoal  ,  beer 
Steated  with  the  one  twelve-thousandth,  or  even  the  one  eighteen- 
^housand  h  pit  of  picric  acid,  remains  of  a  yellow  citron  colour. 
Suppoing  the  beer  to  contain  a  still  more  minute  quanUty  of  picric 
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acid,  it  must,  subsequent  to  the  use  of  oue  or  other  of  the  above 
substances,  be  evaporated  imtil  the  yellow  citron  coloiu-  is  produced. 
It  is  possible  that  by  the  above  method  picric  acid  might  be  detected 
in  poor  and  pale  beers,  but  we  very  much  doubt  whether  it  would 
be  successfid  in  the  case  of  London  stout  and  porter,  which  are  not 
entirely  decolorised  by  either  subacetate  of  lead  or  purified  charcoal. 

Should  picric  acid  be  present,  the  beer  will  retain  its  bitterness  after 
the  precipitation  of  the  bitter  principle  of  the  hop  by  means  of  sub- 
acetate  of  lead. 

But  a  still  more  delicate  test  is  the  property  which  picric  acid  pos- 
sesses of  imparling  a  yellow  colour  to  wool,  first  employed  for  its  detec- 
tion by  Pohl.  In  fact,  if  the  wool  be  retained  in  the  beer  for  a 
sufficient  length  of  time,  the  whole  of  the  picric  acid  will  be  precipi- 
tated upon  it. 

The  beer  is  boiled  with  some  unbleached  wool  for  about  ten 
minutes.  The  wool  is  then  removed  and  washed.  When  the  beer  is 
pure  the  wool  will  remain  white,  but  if  it  contain  even  one  part  of 
picric  acid  in  125,000  pai-ts  of  beer,  the  wool  will  be  dyed  of  a  yellow 
colour. 

But  since  other  colom-ing  matters  of  the  beer  are  also  precipitated 
upon  the  wool,  it  has  occui'red  to  H.  Brunner  to  separate  the  picric 
acid  from  the  wool  by  extracting  it  with  hot  aqueous  ammonia. 
The  solution  is  concentrated  on  the  water-bath  to  a  very  small  bulk, 
and  a  few  drops  of  a  solution  of  cyanide  of  potassium  are  added.  If  the 
minutest  trace  of  picric  acid  be  present,  a  red  coloration  of  isopiu'piu'ate 
of  potassium  will  be  produced.  By  this  method  one  part  of  picric  acid 
in  500,000  parts  of  water  may  be  detected. 

Detection  of  picrotoxin. — The  active  principle  of  cocculus  indicus 
is  picrotoxin,  the  presence  of  which  in  beer  may  fortunately  be 
discovered  by  the  method  about  to  be  described,  devised  by  the  late 
Dr.  Herapath. 

Dr.  Herapath  has  directed  that  the  beer  or  porter  should  be  first 
treated  with  excess  of  acetate  of  lead,  so  as  to  tlu-ow  down  all  gimi  and 
colouring  matter.  The  clear  liquor  is  then  to  be  separated  by  filtration, 
and  the  excess  of  lead  precipitated  by  sulphiu'etted  hydrogen.  After 
standing  for  some  time,  or  boiling  so  as  to  get  rid  of  imcombined 
sulphuretted  hydi'ogen,  it  is  to  be  filtered  again.  The  liquor  thus 
obtained  is  to  be  evaporated  at  a  moderate  temperature  imtil  it  be- 
comes rather  thick,  and  then  treated  with  a  little  pure  animal  charcoal. 
After  agitation  and  the  lapse  of  a  few  hours,  the  charcoal  is  collected 
on  a  filter,  washed  with  very  little  water,  and  dried  on  the  water-bath. 
The  charcoal  contains  the  picrotoxin,  which  may  be  separated  by 
boiling  with  a  little  pure  alcohol,  filtering,  and  evaporating  to  dryness 
on  slips  of  glass.  It  is  recognised  by  its  forming  plumose  tufts 
of  acicular  crystals,  or  else  oat-shaped  forms.  If  greater  time  be 
allowed  in  the  evaporation  the  picrotoxin  crystallises  in  quadrilateral 
prisms. 


704       MALT  BEVERAGES  AND  THEIR  ADULTERATIONS. 

Dr.  Lano-ley,  of  Micliigan,  recommends  tlie  acidulation  of  the  heer 
with  hydrochloric  acid  and  agitation  with  ether,  which  dissolves  out  the 
picrotoxin— the  hydrochlorides  of  the  other  alkaloids  being  msoluhle  in 
that  menstruum.  The  ethereal  solution  is  then  evaporated,  when  the 
crystals  of  picrotoxin  may  be  fm-ther  tested  'by  rubbing  with  nitrate 
of  potash,  adding  a  drop  of  sulphiu-ic  acid,  and  then  a  strong^  solution 
of  potash  or  soda.  A  bright  reddish-yellow  colour-  is  given  if  picrotoxm 
be  present.'— Par/ces.  . 

Detection  of  nux  vomica  and  strychmn,  opium  and  morphm,  and 
tobacco  and  mcotin.— At  least  one  gaUon  of  the  beer  is  evaporated 
on  the  water-bath  at  a  temperature,  which  should  never  rise  above 
80°  0  The  syrupy  residue  is  extracted  vdth  repeated  quantities  of 
cold  absolute  alcohol,  and  the  alcoholic  solution  evaporated  on  the 
water-bath  at  a  temperatm-e  not  exceeding  that  above  mentioned. 
The  liquid,  which  is  strongly  acid,  is  to  be  very  nearly,  but  not  quite, 
neutralised  bv  means  of  soda  solution,  and  it  is  thenweU  shaken  with 
pm-e  ether.  The  ether  takes  up  the  picrotoxin,  if  present,  and  the 
ethereal  solution  is  to  be  evaporated  and  tested  for  the  alkaloid. 

The  liquid,  after  the  removal  of  the  ether  by  heating  it,  is  now  to 
be  rendered  distinctly  alkaline  by  means  of  soda,  whereby  the  allvaloids 
are  liberated  ;  it  is  again  well  and  repeatedly  shaken  with  pme  ether, 
and  after  an  hour  or  two  the  ether  is  separated  and  evaporated  at  a  very 
low  temperatm-e  in  a  glass  basin  or  large  watch-glass.  The  ether  will 
dissolve  the  strychnin  and  nicotin  but  not  the  morpbin,  which  re- 
mains in  the  alkaline  liquid.  If  on  the  evaporation  of  the  ether  no 
residue  remains,  no  alkaloid  can  be  present,  but  if  an  oi  y  and  strongly 
smelling  liquid  is  obtained,  the  presence  of  tobacco  m  the  beer  may  be 
suspected.    K  a  crystalline  deposit  is  formed,  strychnin  would  probably 

have  been  used.  •    .    .  j 

The  residue,  if  any,  whether  oily  or  crystalline,  is  tested  as  tol- 

lows— A  portion  is  slightly  heated.    A  smell  of  tobacco  would 

reveal  the  presence  of  nicotin  beyond  aU  doubt. 

To  ano  her  part  of  the  residue  a  smaU  fragment  of  chi-omate  of 

potash  and  a  drop  of  sulphuric  acid  are  added.  The  slightest  ti-ace  of 

strychni^  wiU  be  detected  by  the  liquid  assmning  a  deep  and  beautiful 

F^'lCdtrction  ^  morpbin,  the  solution  is  acidulated  with  hy- 
drochloric acid,  next  rendered  slightly  aMine  by  nieans  of  ammoma 
thPT,  well  shaken  with  pm-e  fusel  oil,  in  which,  especially  when 
^H^htirw^lt  the  morphiS  is  easily  soluble  The  fiisel  oil  is  to  be 
separated  from  the  water?  solution,  and  it  is  then  to  be  evaporated  on 
ttriTtPr  bath  If  morphin  be  present  it  will  remain  m  the  form  of 
^L^.conic  Sedles.    This  residue  mavbe  fvu-ther  tested,  and  the  pre- 

Jfnf  moinhin^l  be  proved,  if  its  concentrated  solution  separates 
LTnelraSutaW ^^^^^  acid,  and  if  it  when  heated  in  the  water- 
W  rforTauarter  of  an  horn-  with  a  few  drops  of  concentrated  sul- 
X-i?  aSd'conraining  a  little  nitric  acid  produces  a  violet  coloration. 
This  latter  reaction  is  very  distinctive  of  morphm. 
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The  following  process  for  the  detection  of  strychnin  has  been 
published  by  Mr.  Rodgers :— '  The  evaporated  extract  of  the  beer  is 
digested,  after  the  addition  of  a  little  hydi-ochloric  acid,  in  an  evapo- 
rating basin,  then  strained  and  evaporated  to  dryness  over  a  water- 
bath  ;  digest  the  residue  in  spu-it,  filter,  and  again  evaporate  to  dryness ; 
treat  with  distilled  water  acididated  with  a  few  di-ops  of  hydrochloric 
acid,  and  filter ;  add  excess  of  ammonia,  and  agitate  in  a  tube  with 
chloroform.  The  strychnin  in  an  impiu'e  condition  is  entirely  separated 
with  the  chloroform.  This  chloroform  solution  is  to  be  carefully 
separated  by  a  pipette  and  poiu-ed  into  a  small  dish,  wiped  to  dryness ; 
the  residue  evaporated,  moistened  with  concentrated  sulphuric  acid, 
and  heated  over  a  water-bath  for  half  an  hour  ;  water  is  then  added 
and  excess  of  ammonia,  the  mixtiu'e  being  agitated  once  more  with 
chloroform,  when  the  strychnin  will  be  again  separated,  now  in  a 
state  of  sufiicient  pm-ity  for  testing,  which  can  be  done  after  evapo- 
rating a  few  drops  on  a  piece  of  white  porcelain.' 

Detection  of  carminatives. — The  carminatives  employed  in  the 
adulteration  of  beer  may  be  divided  for  the  most  part  into  two  classes. 
In  the  one  the  active  principles  are  not  dissipated  by  the  temperature 
of  boiling  water,  and  hence  they  will  be  foimd  in  the  extract  of  the 
beer,  evaporated  on  the  water-bath.  To  this  division  belong  ginger, 
capsicum,  and  grains  of  paradise.  The  active  principles  of  these  may 
be  separated  from  the  extract  of  beer  by  ti-eatiug  it  with  alcohol, 
evaporating  the  alcoholic  solution  nearly  to  dryness,  and  exhausting  the 
residue  with  ether,  in  which  the  lupiilin  is  insoluble.  The  ethereal 
solution  may  now  be  evaporated  and  tested.  The  taste  will  aflbrd 
a  sufficient  distinction  between  the  named  substances,  but  if  any  doubt 
be  entertained  as  to  the  presence  of  capsicin  this  will  be  dissipated 
by  burning  the  extract,  fumes  of  an  intensely  acrid  character  being 
evolved. 

In  the  other  division  the  active  principles  consist  of  volatile  oils,  as 
in  caraway  and  coriander.  In  this  case  the  only  chance  of  discovery 
is  by  the  distillation  of  a  given  quantity  of  the  beer,  say  500  cc.  Any 
volatile  oil  present  will  be  found  in  the  distillate,  and  its  presence 
would  be  revealed  by  its  odour  and  taste. 

Detection  and  estimation  of  sulphate  of  iron. — Take  half  a  litre  of 
the  beer,  evaporate,  and  incinerate  the  I'esidue.    If  iron  be  present  in 

.  as  small  a  quantity  as  one  part  of  the  sulphate  to  315,000  parts  of 
beer,  equal  to  2  grains  in  9  gallons,  the  ash  will  be  of  a  reddish  coloiir, 
whereas  in  genuine  beer  it  is  always  while  or  gi-eyish  white.  The  ash 
is  boiled  with  strong  hydrochloride  acid,  and  the  liquid  tested  with 

!  a  solution  containing  both  ferrocyanide  and  ferricyanide  of  potassium, 

•  which  will  give  a  blue  precipitate  of  Prussian  blue  if  iron  be  present. 
For  the  quantitative  estimation  of  the  iron  proceed  as  directed 

I  under  '  Tea.' 

Detectim  and  estimation  of  ^/fem.— Incinerate  the  residue  of  from 
I  one  to  two  litres  of  beer,  and  proceed  as  described  under  *  Bread,' 

z  z 
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Estimation  ofs«Z<.-Evaporate  250  cc.  of  the  beer  to  dryness  incine- 
rate and  dissolve  the  ash  in  pure  nitric  acid  ;  filter  and  precipitate  m  the 
filtrate  the  chlorine  by  means  of  a  solution  of  nitrate  of  silver  Ihe 
chloride  of  silver  obtained  is  collected,  washed,  dried  and  weighed 

it  is  usually  recommended  to  estimate  the  chlonne  volumetncally 
from  the  neutral  solution  of  the  a.sh,  but  this  method  of  proceeumg 
SvTs  veiT  erroneous  results,  inasmuch  as  the  phosphates  contained  m 
the  beer  are  likewise  precipitated  by  the  standard  silver  solution. 

E^Zion  of  lime,  soda,  potash,  a^vi  sulphunc  acuZ.-In  naakmg  an 
analys  s  of  beer"^  with  a  view  to  determine  whether  it  contains  any 
excess  of  the  above  substances,  it  is  necessary  to  refer  to  the  analyses 
Sen  below  of  the  ash  of  genuine  beer,  and  to  deduct  fi-om  the 
quantities  found  the  normal  amounts  present  m  the  ash 
^    Again,  the  alkaUnity  of  the  ash  must  be  estimated    K  this  be 
considerable  it  wiU  show  that  some  aU^aline  earth  or  alkali  has  been  , 
added  the  exact  natm-e  of  which  will  be  revealed  on  fiu-ther  analysis  ■ 
The  methods  for  the  estimation  of  the  whole  of  the  above-named  , 
substances  will  be  foimd  fullv  described  in  the  article  on   iea.  _ 
substances  w^  tave  said  nothing  about  the  estimation  of  sulphuric  acid 
in  beer.    This  may  exist  in  two  states,  either  combined  or  free,   it  n 
the  ?o  mer  condition,  it  is  no  doubt  derived  from  tb^e  jter  us^^^^^^^^ 
brewino-,  or  from  the  sulphate  of  iron  or  alum  employed  m  the  adui 
teration  of  beer.    The  water  used  by  the  Burton  brewers  contams, 
as  has  already  been  noticed,  large  quantities  of  ^^^pl^f  e  of  lime. 
For  the  estmiation  of  the  fi-ee  sulphuric  acid,  see  yi°jai 
Betection  of  cream  of  tartar. -Tlo  ^  PO^'*^"^     ^^^\tfis  Vo  sav  is 
until  the  precipitate  formed  begins  to  be  P— ^^rfjf.J^i,*^^^^^ 
not  entii-ely  dissolved  on  agitatmg  the  mixtm:e.  J^^^^^f  .  J  ^^^^^^^ 
to  stand  for  twenty-four  hours,  when  if  cream  of/^-^^^^^  ^^^^ 
this  wiU  have  separated  in  a  crystalline  state  ^^J, 
incinerated,  and  from  the  alkalinity  of  the  ash  the  amoxint  of  bitartrate 
of  potash  may  be  calculated. 

Analyses  of  the  Ash  of  Beer.  


London 
Beer. 


Potash  . 
Soda 
Lime 
Magnesia. 
Sulphuric  acid 
Chlorine  . 
Silica 
Phosphoric  acid 


38-3.') 
V68 

2-  45 

3-  78 

1-  36 

2-  75 
9-87 

33-76 


Munich 
Beer. 

Speyer 
Beer. 

Scotch  Ale 
(14  samples). 

36-58 

37-68 

3-2-29-8 

9-03 

6-59 

20-9-38-6 

1-48 

2-98 

0-2-  2-0 

6-64 

4-66 

0-1-  6-6 

1-68 

2-56 

1-6-19-2 

3-14 

2-14 

4-3- 18-25 

9-96 

10-29 

4-6-19-1 

31-69 

33-10 

6-0-25-7 

Scotch 
Porter 


18-9-20-9 
83-8-38-8 

1-  3-  1-6 
0-2-  1-4 

2-  2-  6-4 
7-4-11-4 

13-3-18-6 
12-5-18-8 


Dublin 
Porter 
(2  samplesl. 


21-4-32-0 
24-0-42-7 
0  8-  1-6 
0-2-  1-2 
2-8-10-1 
6-9-10-1 

6-  9-19-7 

7-  9-20-0 


London 
Porter 
(5  samples). 


4-9-31-1 
21-8-60-8 
0-8-  6-9 

0-  1-  1-2 

1-  6-12-2 
6-5-14-5 

8-  2-19-7 

9-  3-20-6 


The  above  table  is  taken  from '  Watts's  Dictionary.' 
analyses  are  by  Walz,  the  rest  by  Dickson. 


The  first  three 
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The  Detection  of  the  Adulterations  of  Hops. 

The  several  substances  elsewhere  enumerated  as  having  been  dis- 
covered in  hops  may  all  be  readily  discerned,  frequently  by  the  eye 
alone,  and  invariably  by  the  microscope.  The  structure  of  cardamom 
seeds,  or  grains  of  paradise,  the  article  most  frequently  employed,  vsoll 
be  found  described  and  figui-ed  under  the  head  of  '  Ourry  Powder.' 
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CHAPTER  XLIV. 
CIDER  AND  PERRY  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  other  added  constituents  than  those  derived  from  the  juice  of  the  apple 
or  pear  ;  any  added  water,  sugar,  or  spirit. 

niDER  as  all  tlie  world  knows,  is  the  fermented  juice  of  the  apple 

S;  yarteties  of  apple  are  exceedingly  numerous.  They  haye  been 
ranid  in  three  classes-the  sweet,  the  hitter,  and  sour  kmds^  The 
hest  of  these  is  the  hitter  ;  these  yield  a  juice  richer  m  sugar,_the  cider 
made  from  it  heing  brighter  and  keeping  longer  As  a  rule,  it  may  he 
ra?d  tLt  thoBe  Apples  make  the  best  cider  which  furmsh  a  jmce  of 

*^'£rd\t"t^v;n  the  foUowing  percentage  composition  of  the 

Water  .      .  -      .      .  86-28 


Sugar 
Ligneous  matter 
Gum 

Malic  acid 
Albumen 
Chlorophyl  . 
Lime 


6-45 
3-80 
3-17 
0-11 
0-08 
0-08 
0-03 


100-00 


ThP  exact  composition  of  the  juice  of  the  apple  yaxies,  of  course, 
accordLg  to  the  delre^  of  ripeness,  the  kind  of  apple,  season,  chmate, 

and  soil.  qnV,„l7P  the  specific  grayity  of  apples  and  pears 

^'T^'Jen  072  and'0  91,  ?nd  they  contlin  from  13  to  21  per 
ranges  .^^^Y^f.^g^edfic  grayity  of  1-4  The  specific  gi-ayity  of  the 
SwoSnkican^^^^^^^  a  considerable  quantity  of  some 

gas,  most  probably  c^^^^^^^^  ^  ^^^.^^         .^^^  ^th 

thel^rrof  ^pet:ro?the\uit.   The'sSgar  is  stated  in  '  Watts' 
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to  amount,  on  the  average,  in  the  unripe  fruit,  to  4-9,  in  the  ripe  to 
11-0,  and  in  the  over-ripe  to  7-96  per  cent,  the  higher  amount  being 
equal  to  5'1  per  cent,  by  weight  of  alcohol. 

To  make  good  cider  it  is  necessary  that  the  apples  should  be  ripe,  but 
not  over-ripe ;  and  in  order  to  ensure  their  ripeness,  they  are  kept  for  a 
month  or  so  after  being  gathered.  In  Devonshire  and  some  other 
places  the  apples  are  collected  in  heaps  under  the  trees,  where  they 
are  allowed  to  remain  until  they  become  sufficiently  ripe.  Ure  states, 
however,  that  too  much  care  cannot  be  taken  to  separate  the  sound 
from  the  spoiled  or  decayed  apples,  for  the  latter  fm-nish  an  acid 
leaven,  impart  a  disagreeable  taste  to  the  juice,  and  prevent  the  cider 
from  lining  properly.  The  unripe  apples  should  also  be  separated, 
since  they  contain  too  small  an  amount  of  saccharine  matter. 

Dm-ing  the  process  of  the  ripening  of  the  apple,  the  mucilage  is 
diminished ;  and  a  volatile  oil  of  a  yellowish  colour,  and  of  a  sharp 
and  harsh  taste,  are  formed ;  this  oil  boils  at  190°  0.,  dissolves  spar- 
ingly in  water,  but  readily  in  alcohol  and  ether :  it  forms  a  crystalline 
compound  with  hydrochloric  acid,  and  is  decomposed  by  chlorine. 

An  aitiiicial  apple  oil  is  made  by  dissolving  valeriate  of  amyl  in 
'  6  or  7  parts  of  alcohol. 

In  its  unfermented  state  the  juice  consists  mainly  of  mucilage, 
glucose,  nitrogenous  matter,  malic  acid,  together  with  a  small  quantity 
of  acetic  acid,  these  several  constituents  being  held  dissolved  in  a 
large  quantity  of  water. 

The  specific  gravity  of  the  juice  of  20  different  sorts  of  apple, 
according  to  Schulze,  ranged  between  1020  and  1027 ;  and  in  two 
instances  it  reached  the  gravities  of  1033  and  1037. 

The  acid  in  the  juice,  according  to  the  same  authority,  ranged 
between  0'48  and  1'13  per  cent. 

It  is  stated  in  '  Watts  s  Dictionary '  that  in  Wiirtemberg  the 
specific  gravity  of  the  juice  in  warm  seasons  reaches  1080,  and  even 
approaches  1090.  The  free  acid,  estimated  as  tartaric  acid,  amounts 
to  from  0-4  to  1'2  per  cent,  and  the  sugar  from  4  to  10  per  cent. 

It  would  appear  that  the  gi-avities  of  1020  to  1027,  mentioned 
above,  are  much  too  low.  Oouverchel  has  given  the  following  table 
of  the  specific  gravities  of  the  juice  of  different  kinds  of  apple.  The 
gravities  range  from  1060  to  1094,  the  average  being  1072  : — 


Green  reinette   1094 

English  reinette   1080 

Bed  reinette   1072 

Musk  reinette   1069 

Touillet  ray^   1064 

Orange  apple   1063 

Reinette  of  Caux   1060 


According  to  Dr.  Richardson,  the  ash  has  the  following  percentage 
composition : — 
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Potash  |5;68 

Soda   2609 

Lime  408 

Magnesia  

SvQphunc  acid  ^  u» 

Silicic  acid  

Phosphoric  acid  

Phosphate  of  iron  ■^'"^ 

100-00 

MANtrPACTTTRE  OF  CIDER. 

The  apples  are  reduced  to  a  state  of  pulp,  either  by  means  of 
stones  or  by  revolving  cylinders  and  knives,  as  is  done  in  the  case  of 

Accordiif^  to  Ure,  when  the  fi-uit  is  half  mashed,  about  one-fifth 
of  its  weio-ht  of  river-water  is  added.  We  should  have  considered 
that  this  addition  of  water  would  prove  exceedingly  detrimental  to  the 
quality  of  the  cider,  and  we  can  scarcely  think  that  the  practice  is  one 
geneiaUy^adopted^^  that,  after  the  apples  are  crushed,  they  are  put 
into  a  large  tub  or  tun  for  12  or  24  hours.  'This  steeping  aids  the 
separation  of  the  juice,  because  the  fermentative  motion  w^hich  takes 
nlace  in  the  mass  breaks  down  the  cellular  membranes  but  there  is 
always  a  loss  of  alcohol  carried  ofi"  by  the  carbonic  acid  disengaged, 
while  the  skins  and  seeds  develop  a  disagreeable  taste  m  the  liquid. 
The  vatting  might  be  suppressed  if  the  apples  were  so  comminuted  as 
to  ffive  out^theu-  juice  more  readily.' 

Muspratt  has  thus  expressed  himself  m  regard  to  the  yattingof  the 
fruit  after  it  has  been  crushed :-'  There  can  be  no  doubt  that  this  pro- 
cedm-e  is  attended  with  good  results,  and  it  is  probable  that  sufficient 
importance  is  not  attached  to  it,  since  many  cidensts  cany  the  pulp 
at  once  fi-om  the  mill  to  the  press.  Even  durmg  the  short  process  of 
erindino-,  the  air  changes  the  coloiu:  of  the  mass  to  a  deep  red  though 
whether  this  is  produced  by  the  absorption  of  oxygen  or  from  the  action 
Tf  the  constituents  of  the  fruit  upon  each  other  has  never  been  accu- 
ratelv  ascertained.  It  is  most  proWe,  however,  that  each  cause  has 
Tn  Zen?eT^^^^  on  the'other.  Certain  it  is,  that  when  the 
juice  is  at  once  expressed  from  the  apples  it  is  a  meagre  thin  hqmd 
Se  that  of  the  poorest  fruit,  when  exposed  for  some  hom-s  to  the 
Ilrbecomes  quite  red  and  runs  sweet  and  luscious,  when,  after  bemg 
well  eround,  the  pulp  is  submitted  to  the  press. 

The  S  is  now  put  into  hair  cloths,  from  3^  to  H  feet  ^imre,  and 
when  the  sides  are  folded  over  the  contents  the  layer  of  pidp  is  about 
6  inchefin  thiclmess.  Formerly  mats  made  of  reeds  or  straw  were 
employed,  but  their  use  has  been  long  discontmued.  ,  .     .  „^ 

The  mashed  ft-uit  is  subjected  '  stratum  super  ^tmtum  to  strong 
nressure  till  what  is  called  a  cheese  or  cake  is  formed.  The  mass  is 
tTbe  il'owed  to  drain  for  some  time  before  applying  pressure,  which 
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ought  to  be  vei7  gi-adiially  increased.  The  juice  which  exudes  with 
the  least  pressiu-e  affords  the  hest  cider.  That  which  flows  towards 
the  end  acquires  a  disagreeable  taste  from  the  seeds  and  skin8._  The  must 
is  put  into  casks  with  large  bung-holes,  where  it  soon  exhibits  a  tumul- 
tuous fermentation.  The  cask  must  be  completely  filled  in  order  that 
all  the  light  bodies  suspended  in  the  liquid  when  floated  to  the  top  by 
the  carbonic  acid  may  flow  over  with  the  froth.  Flat  tubs  are  placed 
under  the  casks  to  catch  the  overflowings. 

The  cake  left  after  the  expression  of  the  juice  is  taken  out  of  the 
press,  di\aded  into  small  pieces,  and  mashed  anew,  about  half  its  weight 
of  water  being  added.  The  mass  is  again  f^3cted  to  pressure.  A 
much  poorer  cider  is  thus  obtained,  which,  a?  Hvill  not  keep,  requires 
to  be  ch-uuk  soon  after  being  made.  The  cake  is  again  mashed  up 
with  water  and  squeezed,  when  a  liquor  is  obtained  which  may  be  used 
for  moistening  fresh-gi-ound  apples. 

Some  three  or  fom-  days  usually  elapse  after  the  introduction  of  the 
must  into  the  casks  before  fermentation  sets  in,  but  the  exact  time 
varies  according  to  temperature  and  other  circumstances.    After  the 

( completion  of  the  fermentation  the  liquid  becomes  clear  and  bright 

1  and  exhibits  its  characteristic  vinous  colour. 

It  is  now  racked  ofi"  into  other  casks,  the  sediment  being  put  into 

i  linen  bags ;  a  fuiliher  quantity  is  thus  filtered  off  and  added  to  that 

:  fii-st  obtained. 

Sometimes  it  is  necessary  to  make  use  of  finings,  as  isinglass, 
i  albumen,  or  blood,  as  in  the  case  of  beer  and  wine. 

The  changes  which  the  juice  undergoes  during  the  vinification  are 
'precisely  analogous  to  those  which  wort  and  must  undergo  under 
:  similar  circumstances.  Alcohol  and  carbonic  acid  are  formed  at  the 
I  expense  of  the  sugar,  while  the  malic  acid  imparts  piquancy  to  the 
1  beverage,  part  of  the  aroma  and  flavour  being  due  to  the  volatile  apple 
1  oil,  which  is  held  in  solution  by  the  spirit. 

A  considerable  period  must  elapse,  however,  before  the  cider  really 
'  becomes  ripe  and  fit  for  sale.  Usually  the  casks  are  moved  into  cellars 
!  in  January,  and  in  Mai-ch  they  are  bunged  down,  when  it  has  become 
fit  for  sale ;  but  it  will  be  gradually  improved  by  further  keeping. 
:  Sometimes  the  cider  is  stored  in  vats  holding  as  much  as  2,000 
:  jrallons  each.  The  cider  for  bottling  and  effervescing  cider  should  be 
bottled  in  September  or  October  of  the  following  year ;  some  persons, 
'.  however,  bottle  it  in  April  or  May. 

According  to  Brande,  the  strongest  cider  made  contains  9'08  per 
cent,  by  volume  of  alcohol,  and  the  weakest  4*79  per  cent.,  but  it  is 
•  stated  in '  Watts's  Dictionary '  that  the  largest  amount  of  sugar  contained 
in  the  apple  is  ll'O  per  cent.,  a  quantity  which  is  incapable  of  yielding 
the  high  percentage  of  alcohol  above  mentioned. 

Muspratt  says  it  is  common  to  mix  with  the  new  cider  about  to  be 
bottled  a  portion  of  old  and  sound  liquor  of  the  previous  year's  manu- 
facture, with  a  view  to  check  the  progress  of  the  fermentation  and  the 
consequent  bursting  of  the  bottles. 
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Acetic  acid  is  very  quickly  developed  in  cider,  rendering  it  sour 

and  hard.^^_^  that  cider  or  peiTy  will  not  keep  if  it  be  removed  in 
cask  after  it  has  been  prepared ;  and,  according  to  Dr.  E.  Smith,  m 
order  to  fortify  it  to  bear  a  journey  in  cask  it  is  common  to  add  sugar. 
'  This  so  far  'iniiu-es  it  that  it  may  renew  the  acetous  fermentation, 
but  it  temporarily  masks  the  acid  flavour  and  makes  the  fluid  more 
a"-reeable  to  the  palate  of  those  not  accustomed  to  its  use.' 
"  Spii-it  puncheons  preserve  cider  better  than  any  other  casks. 
Sometimes  sulphur  is  bui-nt  in  the  casks  before  the  inti-oduction  of 
the  cider. 

PERRY. 

The  remarks  hitherto  made  in  reference  to  the  composition  of  the 
apple  and  the  manufacture  of  cider,  apply  for  the  most  part  also  to 
the  pear  and  the  preparation  of  perry. 

The  composition  of  the  pear  resembles  very  closely  that  oi  the 
'pple,  but  it  usually  contains  a  larger  proportion  of  sugar.  It  likewise 
contains  traces  of  pectic  and  gaUic  acids  and  an  essential  oil.  in  con- 
sequence of  the  larger  amount  of  sugar,  perry  is  usually  richer  m 
alcohol  than  cider.  It  is  said  to  contain,  on  an  average,  10  per  cent, 
alcohol  by  volume. 

ADULTERATION  OP  CIDER. 

Perry  and  cider  appear  to  be  but  little  liable  to  adulteration  Like 
the  other  alcoholic  beverages  they  are  prone  to  have  their  strength 
reduced  by  the  addition  oiwnter.  In  fact,  this  addition  we  have 
already  seen,  is  sometimes  made  to  the  apple-juice  itself.  But  m 
whatever  stage  the  water  be  added,  it  must  be  regai'ded,  we  consider, 
iu  the  lio-ht  of  an  adulteration.  . 

Another  practice  is  to  colour  cider  with  humt  sugar.  This  proceed- 
ino-,  as  we  have  more  than  once  insisted,  is  objectionable,  because  in 
some  cases  it  impairs  the  delicate  flavour  of  the  aiticle  to  which  the 
bitter  bm'ut  sugar  is  added  ;  and  since  the  coloiu-  thus  produced  is 
often  unnatm-ally  deep,  and 'therefore  ofl-ensive  to  the  eye  of  a  real 

'"^terras  abeady  pointed  out,  is  exceedingly  apt  to  pass  into  the 
acetous  fermentation  The  excess  of  acid  is  very  requently  removed 
by  the  vise  of  an  aU.ali,  as  soda,  chalk,  and  formerly  even  ot  htharge, 

"^'?he\r"of  ISt  substance  as  oxide  of  lead  for  the  collection  of 
the  acidity  has  often  given  rise  to  injiu-ious  and  in  some  mstances  to 
fatal  results,  colic  and  even  paralysis  frequently  ensuing. 
tataUesults  CO      in  his  '  Dictionary, '  has  thus  expressed  himself  in 

reference  to  Se  addition  of  lead  to  cider  in  order  to  correct  any  undue 
ac  dity  This  practice  cannot  be  too  sti-ongly  condemned.  It  is  only 
very  lately  that^he  editor  had  to  examine  a  beverage,  which  had 
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caused  most  serious  inconvenieuce  to  a  whole  family,  including  colics, 
bilious  obstructions,  and  other  dano-erous  complaints.  It  was  found  to 
be  contaminated  with  a  very  notable  quantity  of  lead.  Upwards  of 
two  thousand  years  ago  it  was  known  that  lead  had  a  most  injurious 
effect  on  the  animal  economy.  The  ancients  were  very  scrupulous  as 
to  the  use  of  anything  containing  that  metal ;  its  presence  in  articles 
of  daily  consumption  is  to  be  di-eaded.  For  many,  by  misplaced  con- 
fidence, have  arrived  at  an  untimely  end,  or  at  least  have  been  affected 
w^th  that  disease  termed  the  Devonshire  or  painters'  colic,  and,  in 
numerous  instances,  paralysis  has  been  the  final  result.' 

'  The  leaden  beds  of  presses  for  squeezing  the  fruit  in  cider  coimtries,' 
Accum  writes,  '  have  produced  incalculable  mischief.  These  conse- 
quences never  foUow  when  the  lead  is  combined  with  tin,  because  this 
metal,  being  more  eager  for  oxidation,  prevents  the  solution  of  the 
lead.' 

Sometimes  the  excess  of  acidity  is  masked,  but  of  course  not 
removed  by  the  addition  of  sugar.  We  have  not  met  with  any  state- 
ment respecting  the  fortification  of  cider  and  perry  by  the  addition  of 
spirit,  but  such  a  proceeding  would  appear  to  be  one  very  likely  to  be 
adopted  in  some  cases. 


Hesults  of  the  Analysis  of  Samples. 


Specific 
Gravity. 

Alcohol 
by  weight. 

Malio 
Acid. 

Acetic 
Acid. 

Sugar. 

Total 
Solids. 

Mineral 
matter. 

1 

1012-92 

4-70 

0-364 

0-086 

3-63 

5-76 

0-27 

2 

1013-08 

4-88 

0-328 

0-111 

3-96 

6-14 

0-58 

3 

1012-84 

4-76 

0-329 

0-118 

3-75 

5-38 

0-22 

4 

1001-92 

601 

0-368 

0-119 

1-72 

2-67 

0-29 

5 

1011-64 

4-88 

0-310 

0-133 

3-83 

5-18 

0-24 

6 

1012-40 

4-88 

0-343 

0-111 

3-91 

5-33 

0-22 

7 

1027-68 

2-08 

0-367 

0-177 

5-82 

7-63 

0-37 

8 

1028-96 

2-32 

0-533 

0-053 

6-30 

8-94 

0-27 

9 

1007-48 

4-39 

0-224 

0-088 

2-83 

3-64 

0-23 

10 

1015-64 

3-67 

0-332 

0-040 

4-38 

5-65 

0-23 

11 

999-20 

5-07 

0-302 

0-151 

1-09 

1-80 

0-18 

12 

998-36 

4-76 

0-310 

0-146 

1-04 

1-66 

0-16 

Samples  1  to  6,  inclusive,  consisted  of  draught  or  still  cider  manu- 
factured by  different  makers,  and  were  obtained  from  different  public 
and  eating  houses  in  London ;  samples  7, 8, 9  and  10  were  effervescing 
or  champagne  ciders  prepared  by  four  different  manufacturers ;  while, 
lastly,  samples  11  and  12  consisted  of  Herefordshire  cider,  obtained 
from  a  gentleman  who  bottled  it  himself  for  his  own  use.  For  the 
whole  of  these  samples  we  are  indebted  to  Messrs.  Welch  &  Mac  Gill, 
wine  merchants,  134  Fenchurch  Street,  E.O. 
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ANALYSIS  OF  CIDEB. 

The  analysis  of  cider  and  perry  is  almost  identical  -with  tliat 
required  in'  the  case  of  malt  liquors  •,  it  has  akeady  been  described  at 
length  in  the  article  on  those  beverages. 

The  specific  gravity  must  be  taken,  the  sugar,  alcohol,  acidity, 
total  solids  and  mineral  matter  estimated  in  accordance  vrith  the  pro- 
cesses elsewhere  in  this  work  so  frequently  described. 

The  only  special  examinations  wMch  would  have  to  be  made  are 
those  for  the  detection  of  alkalies,  alkaline  earths  and  lead  in  the  ash. 

In  the  first  place,  the  weight  of  the  ash  would,  in  many  cases, 
afibrd  tolerably  conclusive  evidence  of  the  addition  of  some  mineral 
matter  while  an  estimation  of  the  alkalinity  of  the  ash  would  afford 
further  evidence  in  the  same  direction.  But  for  the  identification  of 
the  particular  substance  added  we  must  search  for  soda,  lime,  and  lead 
by  the  methods  which  have  been  akeady  given.  The  details  of  the 
process  for  the  estimation  of  lead  will  be  found  fuUy  set  forth  m  the 
articles  on  '  Water '  and  '  Vinegar.' 
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CHAPTER  XLV. 
WINE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  substance  or  liquid  not  the  product  of  the  grape,  including  red 
colouring  matters,  but  excepting  alcohol  or  spirit,  which  must  not  be  added  so 
as  to  raise  the  strength  of  the  wine  beyond  13  per  cent,  of  absolute  alcohol  by 
weight,  equal  to  15-8  per  cent,  by  volume,  or  28-1  per  cent,  of  proof  spirit. 

Any  added  mineral  substance,  including  the  alkaline  carbonates,  and  sulphate 
of  potash,  which  must  not  exceed  eight  grains  per  bottle  of  one-sixth  of  a  gallon  ; 
also  lead. 

We  propose  to  treat  the  subject  of  Wine  and  its  adulterations  princi- 
pally under  the  following  heads :  1st,  the  manufactiu'e  of  wine  ;  2nd, 
its  composition  ;  3rd,  its  analysis ;  4th,  its  adulteration ;  and  5th,  the 
detection  of  its  adulterations. 

The  Manufacture  of  Wine. 

The  ripe  grapes,  after  being  carefiiUy  picked,  and  sometimes  freed 
from  damaged  or  um-ipe  berries,  are  crushed  and  pressed,  the  juice  in 
the  case  of  white  gi-apes  being  usually  freed  from  stalks  and  husks  ;  it 
is  then  put  into  casks  placed  in  a  cellar  or  other  cool  situation,  where 
it  undergoes  fermentation.  In  the  case  of  black  grapes  the  husks 
and  stalks  are  not  removed,  but  are  allowed  to  ferment  together  with 
the  juice.  The  wine  is  next  di'awn  off  the  residue  or  murk,  which  is 
pressed,  and  the  wine  thus  obtained  added  to  that  first  drawn  off  from 
the  ban-el.  With  regard  to  the  removal  of  the  stalks  there  is,  however, 
no  invariable  rule.  Messrs.  Thudichum  and  Dupre  write  : — 'Practi- 
cally, in  the  case  of  white  wines,  the  stalks  are  never  separated  from  the 
grapes ;  in  some  cases  of  light  wines  which  incline  to  be  viscous  it 
is  even  advantageous  to  leave  the  stalks  in  prolonged  contact  with  the 
murk.  But  thi-s  is  exceptional,  inasmiich  as  the  murk  of  white  grapes 
is,  as  a  rule,  pressed  immediately,  and  not  left  in  contact  with  the  must 
for  any  length  of  time.'  With  most  black  grapes  the  case  is  different, 
because  they  have  to  remain  in  contact  with  the  juice  for  a  long  time 
during  fermentation,  and  in  some  cases,  if  the  stalks  are  left  in,  a  hard 
wine  is  produced,  which  it  will  take  years  to  soften. 

It  is  essential,  if  pure  and  natural  vdnes  are  required,  that  the 
grapes  should  be  thoroughly  ripe.  In  the  Saiiterne  district,  according 
to  Drs.  Thudichum  and  DupriS,  '  the  best  ben-ies  of  every  bunch  are 


716 


"WINE  AITD  ITS  ADULTERATIONS. 


cut  out  at  intervals  and  carried  to  tlie  press  ;  and  an  entire  harvest  of 
a  vineyard  consists  of  several,  up  to  eleven,  separate  gatherings  of  all 
that  has  attained  the  highest  state  of  ripeness.'  In  the  finest  situations 
of  the  Rheingau  the  grapes  are  not  collected  until  the  rains  or  frosts 
of  the  autumn  necessitate  the  vintage.  At  Coudray,  as  at  Tokay, 
the  hest  wines  are  made  from  the  grapes  which  have  been  longest  on 

the  vine.  .       j.  ,    ,    ,  i 

Althouo-h  ripeness  is  essential  to  the  production  oi  the  best  white 
wines  in  the  case  of  the  red  wines  quality  is,  to  some  extent,  sacrificed 
to  colour,  and  unripe  fruit  is  chosen.  'Consequently  the  highest 
quality  of  the  vdne  is  abandoned  in  favour  of  a  conventional  dye ;  and 
the  um-ipe  vrine  has  to  remain  years  in  barrels  and  bottles  before  it 
acquires  those  properties  which  fit  it  for  use.' — Thudichum  and  Dupre. 

Ao-ain,  champagne  grapes  are  not  permitted  to  attain  to  the  high- 
est maturity,  because  it  is  desii'ed  that  such  wines  should  be  of  as  pale 
a  colour  as  possible. 


Composition  of  the  Grapes. 

Several  varieties  of  grapes  have  been  subjected  to  analysis,  with 
the  following  results  : — 


Glucose  ... 
Tartaric  acid  . 
Albuminoid  sub 

stance  .   .  . 
Pectin,  gum,  fat, 

&c  

Ash  

Soluble  portion. 
Water  .... 
Skins,  stones,  and 

ceUulose  .  . 
Pectose    .   .  . 

Ash  

Insoluble  portion 


Fresenius. 
Ripe  white 
Austrian 
grapes. 


13-8 

1-  11 

0-8 

0'5 
0-3G 

2-  6 
0-9 

o-u 


ScMieper. 
Kleinberger  grapes. 


Ripe. 


79-80 


3-61 
99-98 


10-6 
0-92 

0-6 


0-2 

0-38 


12-9 
8i-9 


0-7 
0-08 


2-58 
100-18 


Very  ripe. 


13-5 
0-78 


4-1 


18-38 
7G-3 


5-66 


Fresenius. 
Riesling 
grapes. 


Very  ripe. 


15-1 
0-56 


3-4 


19-06 
74-4 


6-52 


100-34 


99-98 


Fresenlus. 

Ass- 
manns- 


Johannis- 
berg  grapes. 


haiisen 
grapes. 


19-2 
0-74 


3-0 


22-94 


17-3 

0-84 


Composition  of  the  Juice  or  Must. 
The  juice  or  must  resembles,  of  course,  to  a  considerable  extent,  the 

^TheprS^^^^^  --I'Sz", 
of  the  imce  of  ripe  grapes  &ve  sugar,  albumen,  gluten,  gum  or  vegetable 
t^^s^Zlinllcdoling  matter,  the  tannin  bein^  derived  mamly 
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from  the  stalks,  stones,  and  husks  of  the  grapes,  minute  quantities  of 
fat  and  toax  from  the  husks,  as  well  as  much  fat  from  the  stones.  The 
husks  of  white  grapes  gradually  become  hrown,  as  we  see  in  raisins, 
this  change  being  due  to  the  conversion  of  a  part  of  the  tannin  into  an 
insoluble  substance,  named  apothema  by  Berzelius.  The  juice  of  grapes 
free  from  stallis,  stones,  and  husks,  contains  scarcely  any  tannin. 

The  priucipal  saline  and  mineral  substances  present  in  grape  juice 
are  free  tartaric  and  malic  acids,  tartrate  of  potash,  tartrate  and  malate 
of  lime,  sulphate  of  potash,  chloride  of  sodium,  phosphates  of  lime  arid 
magnesia,  manganese,  iron  and  silicic  acid.  The  malic  acid  occiu's  in 
largest  proportion  in  unripe  grapes. 

.  Before  proceeding  to  make  wine  from  grapes,  it  is  very  important 
to  ascertain  the  amount  of  fi-uit  siigar  present  in  the  juice  or  must. 
This  object  is  simply  etfected  by  taking  the  weight  or  specific  gravity 
of  the  must,  for  which  pm'pose  various  contrivances  have  been  adopted ; 
but  the  instrument  in  general  use  has  been  termed  a  glucometer.  This 
may  be  so  gi-aduated  that  each  degi-ee  shall  indicate  a  percentage  of 
sugar ;  or  it  may  be  so  an-anged  as  to  indicate  by  one  degree  of  its 
scale  a  quantity  of  fi-uit  sugar  which  after  fermentation  would  yield  a 
voliuue  per  cent,  of  absolute  alcohol,  or  about  '  1,500  grammes  of 
sugar  per  hectolitre  of  must.' 

Where  the  amount  of  sugar  present  is  determined  solely  from  the 
gravity,  a  deduction  or  allowance  has  to  be  made  of  from  one-tenth  to 
one-fifteenth  of  the  total  solids  indicated,  on  account  of  the  presence 
of  other  constituents  of  the  juice. 

'  In  the  north  and  centre  of  France  must  will  seldom  show  more 
than  15°;  but  in  the  hottest  regions  of  the  south,  in  parts  of  Spain, 
Italy,  Cyprus,  Madeira,  must  is  produced  which  shows  up  to  24°  of 
the  French  glucometer.' —  Thudichum  and Dupi-e.  This  higher  amount 
is  not  all  converted  into  alcohol,  because  fermentation  ceases  in  a 
liquor  containing  more  than  16  per  cent,  of  alcohol  by  volume,  equal 
to  28  per  cent,  of  proof  spirit. 

Sometimes,  when  the  must  is  very  sweet,  and  it  is  not  desired  to 
produce  sweet  wines,  it  is  diluted  with  water.  In  other  cases,  when 
the  must  is  very  poor,  sugar  is  added ;  practices  which  are  both  to  be 
condemned,  since  the  resulting  wine  must  of  necessity  be  of  an  inferior 
quality,  and  deficient  in  the  special  wine-constituents  and  characteristics, 
in  tartaric  and  malic  acids,  phosphoric  acid,  potash,  and  the  various 
ethers,  acids,  and  compoimds  which  impart  flavour  and  bouquet  to  wine. 

In  the  mashing  of  the  grapes,  care  must  be  taken  not  to  crush  the 
stalks  and  the  pips;  in  some  cases  the  mashing  is  efi'ected  by  the 
treading  of  the  feet  of  men,  but  now  usually,  and  happily,  by  machines 
or  mills. 

In  the  preparation  of  white  wines  the  must  is  separated  as  much  as 
possible  before  the  vaxcck  is  pressed  ;  in  the  case  of  red  wines,  the  juice, 
which  flows  off"  the  platform  or  press,  together  with  all  the  husks  on 
the  press  and  the  stalks,  if  they  have  not  been  removed,  are  put  into 
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the  fermentinff  vats.  When  the  fermentation  is  complete,  the  wine  is 
drawn  off,  and  the  murk  is  put  into  the  press,  and  the  wine  iiowmg 
from  it  added  to  that  which  is  first  drawn  off.  ,  .  ,      ,  , 

When  the  wine  has  completed  its  fermentation,  which  it  takes  a 
Ion-  time  to  do,  and  has  become  clear,  it  is  'racked '  off  from  the  yeast 
and"  other  impurities,  and  the  comparatively  clear  wine  is  put  mto  a 

''^^^But'^as  it  is  not  yet  quite  clear  and  hright,  it  is  next  'fined,'  an 
oneration  which  is  usually  effected  by  means  of  isinglass.  Alter  re- 
maining at  rest  for  about  six  weeks,  the  wine  is  found_  clear  and  bright, 
and,  being  again  racked,  it  generally  remains  so,  and  is  then  ready  for 
sale' in  biSk  or  for  bottling. 

THE  COMPOSITION  OF  WINE. 

The  -principal  changes  which  the  must  undergoes  by  fermentation 
and  its  consequent  conversion  into  wine  are  the  transformation  of  the 
heater  part  of  the  sugar  into  ethylic  alcohol,  the  formation  of  various 
fcids  including  espedally  acetic  acid,  and  ethers,  and  the  elnnmation 
of  some  of  the  saliie  matters  of  the  ash,  particularly  the  tartrates  and 
malates. 

The  Sugar  of  Wine. 
Two  descriptions  or  modifications  of  sugar  occur  in  wine-namely, 
^rrrpe  and  frJt  sugar.    They  both  have  the  same  atomic  constitution, 

'""TSrofe^- Grape  sugar  crystalUses  in  granular  masses  which  con- 
tain one  atom  of  water  of  crystaUisation,  which  they  lose  however  at 

o  it  Tslightly  soluble  in  alcohol,  and  scarcely  at  all  m  ether. 
One  atom  of  gi4e  sugar  boiled  with  the  weU-known  copper  solution 
reduces  10  atoms  of  oxide  of  copper.   _  i  An 

pTfteen  grammes  of  grape  sugar,  dissolved  so  to  foi-m  100  cc.  erf 
solutionrtuSi  the  plane  of  polarisation  in  Mitscherlich's  apparatus  16-8 

^"^Zho^'c^^F^^-ii  sugar  is  imcrystallisable,  soluble  in  alcohol,  and 

r  £Tri  hi  ether    It  may  be  thlis  separated  fi-om  grape  sugar :  the 
shghtly  so  m  etnei.  ^         y  ^ ^^^^^        ^  ^^^^  ^^^^  f 

concentoted  sol^^^^^^ 

hydrate  oilune  ,  the  mf^s  101  j  /  ^  „,ore  solid 

r°"^°YfrnV™emSB^  T^liie^is  then  got  rid  of  by  means  of 
lame  and  fruit  si^a^  i^X  same  way  with  the  copper  solution  as  grape 
oxalic  acid  J^'^^^^^^    tmring  the  plane  of  polarisation  to  the 

.  sugar  but  It  differs  optacau^  g       g        of  solution,  turn  the 

^^^lie'o'f^Sorif^^^^^^^^^  apparatus  31-8  degrees  to  the 

left  at  a  temperature  of  15°  0.  eane  sugar  is  boUed  with 

Cane  ^^^f.  f^-oients,  it  is  converted  mto  a  mix- 

''^::rXf^S£^l^^^^^  of  sugar  previously  described,  the 


"WINE  AND  ITS  ADULTERATIONS. 


719 


mLxtiire  'being  in  this  case  distinguished  by  the  term  invert  sugar 
(G  HO) 

*  Solutions  of  cane  sugar  turn  the  plane  of  polarised  light  to  the  right, 
15  grammes  of  cane  sugar,  dissolved  in  water  so  as  to  form  100  cc.  of 
solution,  tm-n  the  plane  of  polarisation  20°  to  the  right,  the  tube  being 
20  centimetres  long,  and  the  change  from  red  to  blue  being  the  measure 
of  rotation. 

Invert  sugar. — 15  grammes  of  this  sugar,  dissolved  so  as  to  give 
100  cc.  of  solution,  turn  the  plane  of  polarisation  in  Mitscherlich's  appa- 
ratus, at  a  temperatm-e  of  15°  0.,  7-8  degrees  to  the  left. 

Glyce7'in. 

This  substance  should  be  foimd  in  all  wine,  since  it  is  always 
formed  diu-iag  the  fermentation  of  sugar,  whether  cane  or  grape  ;  100 
parts  of  cane  sugar,  or  105-26  of  grape  sugar,  yield  3'64  parts  of 
o-lycerin ;  this  should,  therefore,  be  always  present  in  wine,  in  the 
proportion  of  about  one-fourteenth  part  of  the  alcohol. 

Glycerin  has  the  following  atomic  composition  : — OgllgOg  =  O3H5, 
H3O3.  Its  chief  som'ce  is  fat,  whether  animal  or  vegetable,  of  which 
it  is  a  constituent,  being  obtained  from  it  by  saponification  or  by  super- 
heated steam ;  the  fat  takes  up  three  atoms  of  water,  a  fatty  acid  and 
glycerin  being  formed.  By  the  action  of  yeast  and  water  it  is  con- 
verted iato  propionic  acid. 

Alcohol. 

Grape-sugar,  fruit  sugar,  and  cane  sugar,  under  the  influence  of 
fermentation,  become  converted  into  alcohol  and  carbonic  acid,  as  shown 
in  the  following  formula : — 

Grape  sugar.        Alcoliol.  Carbonic  anhydride. 

CeH,,0«    =    20,H«0         +  2C0,. 

In  addition  to  these,  some  other  compounds  are  formed  in  small 
quantities,  as  glycerin  and  succinic  acid. 

Alcohol  at  15°  0.  has  a  specific  gravity  of  0-7938,  and  it  boils  at 
78-4°  0. 

The  allied  or  homologous  alcohol  radicles  are  methyl  (OH3),  propyl 
(O3H,),  butyl  (O^Hg),  amyl  (O^Hij),  caproyl  (O^B.^^),  and  these 
radicles  form  corresponding  alcohols. 

Again,  from  these  alcohols,  some  of  the  hydrogen  being  removed  by 
combination  with  oxygen,  aldehyde  and  water  may  be  forpied  thus  : — 
Ethylic  alcohol.  Bthylic  aldehyde.  Water. 

C^HeO  +  O        =  CjH.O  +  H^O. 

Lastly,  oxidising  agents  acting  on  aldehyde,  the  place  of  the  ab- 
stracted hydrogen  is  supplied  by  oxygen,  the  result.being  the  oxidifled 
acetic  acid,  thus  : — 

Ethylic  aldehyde.  Acetic  acid. 

CjHj.HO  +  0  =  C^HjO.HO. 
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'Each  piimary  alcohol  has  therefore  a  con-esponding  aldehyde 
and  an  acid.    Only  one  primary  ethylic  and  propylic  alcohol  existing 
there  is,  of  course,  only  one  corresponding  aldehyde  and  acid.  The 
higher  alcohols,  however,  may  give  rise  to  an  aldehyde  and  an  acid 
for  each  of  the  isomeric  prunary  alcohols  possible.    The  compounds 
mentioned  in  the  foregoing  summary  are  either  foimd  in  wine  as  a  rule, 
or  may  he  found  under  certain  cu-cmnstances  free  or  in  comhmation. 
The  radicle  methyl  occm-s  in  ti'imethylamine,  a  strong  base  of  the 
ammonia  type  present  in  many  wines.    The  alcohol  correspondmg  to 
this  radicle,  termed  methylic  alcohol  or  wood  spirit,  is  not  found  m 
wine  or  any  other  fermented  liquid.    Of  the  remaming  alcohols  we 
have  in  wine  besides  the  ethylic,  which  greatly  predominates,  propyhc, 
butylic,  amylic  and  caproic.    AH  the  alcohols  of  this  class  m  wme, 
and  in  all  "other  fermented  liquids,  are  prunary  ones,  and  generally, 
thouo-h  not  always,  normal.    Of  the  several  aldehydes,  the  ethyhc  and 
the  propylic  are  now  and  then  foimd  in  wines.    Of  the  acids  we  find 
formic,  related  to  methylic  alcohol  as  acetic  acid,  a  normal  ingredient 
of  wine,  is  to  ethylic  alcohol.    Of  propylic  alcohol  we  may  not  only 
have  the  aldehyde,  but  abo  the  acid,  propionic  acid.    And  of  each  ot 
the  higher  members  of  the  alcohol  series  we  may  have  not  only  one 
but  several  primary  forms,  and  of  these  foi-ms  the  respective  aldehydes 
and  corresponding  acids.    Lastly,  we  may  have  the  compound  ethers 
of  all  those  alcohols  and  acids  formed  vdth  the  acid  con-esponding  to 
their  series,  as  weU  as  compound  ethers  of  aU  those  alcohols  with  the 
other  acids  of  the  wine.'— Thudichum  and  Dupre.  •   j  n  •+ 

The  presence  of  acet-cddehyde  in  a  wine  may  be  recognised  by  its 
veiT  pecidiar  smell  and  flavoiir.  If  the  wine  be  neutralised  and  dis- 
tiUed,  the  aldehyde  will  readily  pass  over,  and  may  be  distm-mshed 
by  its  smeU,  by  its  reducing  action  on  salts  of  silver,  and  its  ready  con- 
version into  acetic  acid. 

The  Acids  of  Wine. 
Of  these  some  exist  in  the  gi-ape  itself,  while  others  result  from  the 
fermentation;  the  former  consist  of  tartaric,  malic,  and  tannic  acids, 
the  latter  of  acetic,  formic,  succinic,  and  carbomc  acids ;  besides  which 
wines  usually  contain  minute  quantities  of  some  of  the  fatty  acids,  as 
oenanthic,  propionic,  and  butyi'ic  acids.  _  _ 

Of  tartaric  acid  two  varieties  are  met  with  m  wme-ordmary 
tartaric  acid,  termed,  from  its  action  on  polarised  light,  dexti-o-tartanc ; 
?n? levo-iartaric  acid,  which  tiu-ns  the  plane  to  the  left.  Raeen^^c 
acid  also  occurs  in  wine  ;  this  differs  but  little  from  tartaric  acid,  and 
is  sometimes  called  para-tartaric  acid.  +,„i  „„,n. 

These  acids  are  all  bibasic  acids,  forming  both  acid  and  neuti-al  saslt 

Tartaric  acid  may  be  prepared  artiiiciaUy,  as  by  the  action  of  dilute 
nitric  acid  on  sugar  of  milk  and  gum.         ,     ,    .      .     ,  . 

The  tartaric  acid  and  alcohol  combme  slowly  m  wme  to  form  tar- 

taiic  ether. 
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Laevo-tartaric  acid  does  not  exist  in  wine  in  the  free  state,  but  in 
combination  with  ordinary  tartaric  acid,  forming  together  raceniic  acid, 
which,  in  the  crystallised  state,  has  the  composition  O  Ji  fi^  +  H^O, 
If  sti-ong  solutions  of  the  dextro-  and  IfBvo-tartaric  acids  are  mixed, 
racemic  acid  is  formed 

Dextro-tartaric  or  ordinary  tartaric  acid,  O^HgOg,  may  be  thus  pre- 
pared and  extracted  from  crude  cream  of  tartar.  The  salt  is  decom- 
posed by  boiling  with  chalk,  when  a  precipitate  of  tartrate  of  calcium 
is  produced,  neutral  tartrate  of  potassium  remaining  in  solution.  This 
is  then  mixed  with  chloride  of  calcium,  when  a  second  quantity  of 
tartrate  of  calciimi  is  formed  and  precipitated.  The  tartrate  of  calcium 
ia  then  decomposed  with  dilute  sulphuric  acid;  the  insoluble  sul- 
phate of  Ume  is  removed,  and  the  solution  of  tartaric  acid  is  evapo- 
rated imtil  it  crystallises. 

The  crystals  belong  to  the  oblique  prismatic  system,  are  imsymme- 
trical  by  reason  of  their  hemihedral  faces,  and  they  do  not  contain  any 
water  of  crystallisation.  They  dissolve  readily  in  water,  requiring 
little  more  than  half  their  weight  of  cold,  and  still  less  of  boiling  water ; 
they  are  also  soluble  in  alcohol,  but  insoluble  in  ether ;  the  solution 
turns  the  plane  of  polarisation  to  the  right. 

Malic  acid  (O^HgOj)  occurs  in  considerable  amount  in  the  juice 
of  the  grape,  and,  according  to  some,  in  wine  also.  , 

Like  tartaric  acid,  it  is  bibasic,  and  forms  acid  and  neutral  salts 
and  ethers. 

Malic  acid  crystallises  with  difficidty  in  masses  of  radiating  needle- 
like crystals  ;  they  are  very  deliquescent,  soluble  in  water  and  alcohol, 
but  very  slightly  so  in  ether.  Its  solution  tm-ns  the  plane  of  polarised 
light  to  the  left. 

The  neutral  and  acid  potash  salts  are  soluble  in  water,  alcohol,  and 
a  mixture  of  alcohol  and  ether ;  and  hence  a  means  is  afforded  of  the 
separation  of  this  acid  from  tartaric  acid.  The  lime  salt  is  also  soluble 
in  water,  but  is  thrown  down  by  prolonged  boiling  ;  alcohol  liliewise 
precipitates  it  from  its  iiqueous  solution. 

Before  the  appearance  of  sugar  in  grapes  malates  predominate  ; 
afterwards,  as  the  grapes  ripen,  the  tartrates  ;  the  unripe  grapes  are,  of 
course,  much  more  acid  than  the  ripe  ;  this  diminution  of  acid  is  in 
part  apparent  only,  since  the  taste  of  the  acid  is  covered  and  concealed 
by  the  sugar ;  and  since,  also,  the  grapes  increase  greatly  in  weight 
during  growth.  It  has  been  surmised  by  some  that  part  of  the  acid  is, 
as  formed,  gradually  converted  into  fruit  sugar ;  but  this  has  not  been 
established,  and  it  is  more  probable  that  the  action  of  the  acid  in  the 
production  of  sugar  is  analogous  to  that  of  dilute  sulphuric  acid  on 
starch  or  dextrin. 

Succinic  acid  (GJlfi^),  also  bibasic,  is  always  present  in  wine  in 
minute  quantity,  being  produced  by  the  fermentation  of  grape  sugar 
and  the  decomposition  of  malic  acid.  It  may  be  prepared  in  quantity 
from  amber  bv  distillation,  or  from  the  fermentation  of  a  mixture 

3  a 


722  WINE  AND  ITS  ADULTERATIONS. 

of  one  part  of  malate  of  lime,  three  of  water,  and  one-twelfth  of 
cheese.  . 

According  to  Thudichum  and  Duprd,  one  litre  of  wine  contains 
from  1  to  1-5  gramme  of  succinic  acid. 

Malic,  tartaric,  and  succinic  acids  are  convertible  into  each  other ; 
thus,  tartaric  acid  heated  with  hydrochloric  acid  is  reduced  first  to 
malic  and  then  to  succinic  acid,  while  succinic  acid  by  oxidation  may 
be  converted  into  malic  and  tartaric  acids. 

Succinic  acid.  Malic  acid.  Tartaric  acid. 

C4H6O4  C4H6O5  C4H0O6 

Furthermore,  tartaric  acid  may  be  transformed  into  grape  sugar, 
which  may,  in  its  turn,  under  the  action  of  oxidising  agents,  be  made 
to  yield  tartaric  acid. 

'Acetic  acid  (OaH.Oo)  is  formed  in  wine  principally  by  the  oxida- 
tion of  the  alcohol.  The  stages  of  the  process  are— first,  the  abstraction 
of  two  atoms  of  hydrogen  &-om  the  alcohol,  water  and  aldehyde  being 
formed  :  and  second,  the  conversion  of  the  aldehyde  by  the  absorption 
of  one  atom  of  oxygen  into  acetic  acid,  thus  : 
Alcohol.  Aldehyde. 
C2H0O  +  O    =     C^HiO  +  lioO 

Aldehyde.  Acetic  acid. 


C0H4O  +  O      =  C2H4OS 


2 


Now,  for  the  conversion  of  alcohol  into  acetic  acid,  fom-  things  are 
necessary— that  the  solution  of  alcohol  be  weak ;  that  an  albuminous 
matter  to  act  as  a  ferment  be  present;  that  the  liquid  have  an  acid  re- 
action :  and  that  it  be  freely  exposed  to  the  air.  Under  these  condi- 
tions the  acetous  fermentation  takes  place,  and  the  vinegar  fungus 
begins  to  develop,  by  the  action  of  which  the  alcohol  is  rapidly  con- 
verted into  acetic  acid.  ,    ,  ,  .        ^     i  .  • 

But  if  oxygen  be  largelv  supplied,  as  when  alcohol  in  weak  solution 
is  pom-ed  over  wood  shavings  or  bii-ch  twigs,  it  may  be  converted  into 
acetic  acid  without  the  intervention  of  either  albuminous  matter  or 
vinegar  fungus  or  plant,  as  it  is  termed.  _  ■,.  ,  ^  4-: 

'  In  all  moderately  warm  countries  it  requires  but  shght  attention 
to  prevent  an  excessive  production  of  acetic  acid,  and  in  the  w_iues 
produced  there  the  quantity  usually  ranges  from  between  0-5  to  i-5  per 
1  000  parts  of  wine.  In  warm  countries  and  seasons,  however,  and  m 
ail  cases  in  which  the  skins  are  allowed  to  ferment  with  the  must, 
great  care  is  requisite  to  prevent  the  formation  of  vinegar  ;  and  fre- 
quently the  fermentation  of  the  must  has  to  be  stopped  by  the  addition 
of  alcohol.  It  has  been  stated  that  the  addition  of  acetic  acid  or 
vinegar  to  wine  considerably  favours  the  gTowth  of  the  mvcoderma; 
and  as  a  parallel  to  this  it  is  found  that  the  rapidity  mth  which  wine 
is  converted  into  vinegar  increases  to  a  certam  extent  with  the  in- 
creasing amount  of  acetic  acid.'— T/nirftc/ti;??!  and  JJup-e. 
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The  highest  amount  of  acetic  acid  found  by  Thudichuiu  in  thirty 
samples  of  Rhine  and  other  German  wines  amounted  to  r78  per  1,000 
and  the  lowest  to  0-36,  hut  in  seven  samples  of  Greelc  wines  the  acid 
varied  between  1-63  and  3-69  per  1,000  parts.  In  good  sound  wines 
the  fi-ee  acid  ranges  from  0-3  to  0-7  per  cent.,  and  of  the  total  acidity 
not  more  than  about  0-15  per  cent,  should  be  due  to  volatile  acid. 
Acetic  acid  is  monobasic,  and  forms  but  one  class  of  salts  and  of 
ethers. 

Lastly,  it  should  be  added  that  nearly  the  whole  of  the  volatile 
acid  of  wine  consists  of  acetic  acid,  and  for  aU  practical  purposes 
may  be  estimated  as  such,  and  the  fixed  acids  as  tartaric  acid. 


The  Fatty  Acids. 
These  consist  of  the  following :  acetic,  formic,  propionic,  butyric, 
raleriamc,  caproic,  oenanthtjlic,  caprylic,  pelargonic  and  melissic  acids. 
These  acids  run  parallel  to  the  ethylic  series 'of  alcohols,  from  which 
they  may  be  derived,  each  acid  differing  from  its  corresponding  alcohol 
in  containing  two  atoms  of  hydrogen  less  and  one  atom  of  oxygen  more. 

_  The  chief  acid  of  this  class  besides  acetic  acid  which  has  with  cer- 
tainty been  detected  in  wine  itself  is  formic  acid,  but  the  others  have 
been,  for  the  most  part,  foimd  in  the  fusel  oil  obtained  from  wine.  ,• 

(EnanfMc  Add. 

This  acid  Cj^H^gOg  has  been  discovered  by  Liebig  in  the  ether  to 
which  the  characteristic  odom'  of  wine  is  due.  Thudichum  and  Dupr^ 
give  the  following  process  for  obtaining  it.  (Enanthic  ether  is  boiled 
with  a  solution  of  caustic  potash,  whereby  alcohol  is  driven  olf  and 
cenanthate  of  potassium  remains ;  when  all  the  alcohol  has  been  driven 
off,  the  solution  is  acidified  with  dilute  sulphm-ic  acid,  the  oil  is  libe- 
rated, and  after  being  thoroughly  washed  may  be  dried  in  vacuo  over 
oil  of  vitriol. 

Tannic  Acid. 

The  juice  of  the  pulp  of  grapes  is  free  from  tannin,  but  if  in  it  the 
stalks  or  stones  be  allowed  to  ferment,  the  residtant  wine  will  be  found 
to  contain  more  or  less  tannin  ;  but  it  is  in  the  red  wines,  and  especially 
m  the  new  red  wines,  that  the  most  tannin  is  met  with. 

The  tannin  of  wine  is  characterised  by  its  affinitv  for  albmnen  and 
gelatm,  forming  with  it  insoluble  substances.  Again,  persalts  of  iron 
and  acetate  of  potash  give  rise  to  a  bluish-black  coloration  or  precipi- 
tate. Sometimes  part  of  the  tannin  met  with  in  wine  is  derived  from 
the  oak  casks  in  which  it  is  kept. 

Exposed  freely  to  the  air,  tannin  yields  by  decomposition  glucose 
and  gallic  acid ;  but  as  wine  cannot  be  fi-eely  exposed  to  the  oxygen  of 
the  air,  the  latter  acid  is  but  rarely  if  ever  found  in  wine  It  also 
fiumshes  by  oxidation  a  brown  humus-like  insoluble  substance,  termed 
by  Uerzehus,  apothema.    This  substance  is  not  quite  insoluble  in  wine 
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eaou-h  remains  to  colour  it  yellow,  and  in  old  port  wine  this  colour 
alone  remains,  the  red  colouring  matter  having  become  precipitated 
with  the  tannin  and  albumen,  all  combimng  together  with  tartrates  of 
potash  and  lime  to  form  the  crust  of  old  port  and  other  strong-bodied 
red  wines  In  new  wines  the  whole  of  the  colouring  matter  is  thi-own 
down,  and  the  wine  is  left  nearly  colourless.  It  is  only  in  the  aged 
wines  that  the  tawny  or  yeUow  colour  is  seen.  This  yeUow  colouring 
matter  is  the  oxidised  tannin  of  wine.  ,  .1.  ^    v  x 

T-mnin  by  reason  of  its  affinity  for  albumen,  prevents  that  substance 
in  wine  from  undergoing  further  change,  and  thus  aasists  greatly  m 
the  preservation  of  the  wine. 

The  Ethers  of  Wine. 
These  are  divisible  into  the  volatile  and  the  fixed.  The  principal 
volatile  ether  of  wine  is  the  aceto-ethylic  ether  or  acetate  ot  ethyl 
H  0  ^  which  is  formed  when  ethyhc  alcohol  and  acetic  acid 
Ir^  brought  together;  the  weaker  the  solution  of  alcohol  and  acid 
?he  smaller  wilf  be  the  quantity  of  the  ether  formed.  As  this  ether  is 
produced  in  wine  but  slowly,  its  amount  in  a  wme  of  good  quahty  is 
to  some  extent  a  measure  of  age.  ....  j 

oTher  volatile  ethers  foimd  in  minute  quantities  in  wme,  and  espe- 
cially in  old  wine,  are  aceto-propylic,  butync,  amylic,  and  caprylic 
ethers.    These  are  formed  by  the  union  of  the  acetic  acid  with  the 

'''7l:ltf.Sfttij  acids  form  with  the  several  alcohols,  ethers, 
as  butn-oi"thy  ic  ether,  caprylo-ethylic,  capro-ethylic,  and  pelargo- 
ethvl  c^Ss  In  wine  theseacids  probably  usually  combine  with  the 
S  abundait  ethyhc  alcohol.  These  ethers  possess  highly  character- 
Stic  aromas,  mostly  of  fruits;  butyric  and  capryhc  ethers  have  the 
Snell  of  pineapples,  caproic  ether  of  melons,  and  to  pelargonic  acid  is 
Te  probaSy'L^cordin^o  Thudichum,  a  portion  of  the  characteristic 

wine  iiavom-.  . 

(Enanthic  Ether. 

-Rortv  thousand  parts  of  wine  are  said  to  yield  one  part  of  this  oily 

characteristic  smeU  of  wine  is  mainly  due. 

Tartaric  Ether. 
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ordinary  analysis.  However,  in  the  manufacture  of  brandy  enormous 
quantities  of  wine  are  distilled,  and  a  considerable  amount  of  so-caUed 
fusel  oil  obtained,  in  which  a  number  of  the  above-named  volatile 
acids  and  ethers,  as  well  as  several  alcohols,  have  been  detected.  In 
order  to  completely  study  the  subject,  it  would  be  necessary  not  only 
to  collect  those  fusel  oils,  which  generally  constitute  the  parts  dis- 
tilling over  last,  but  to  submit  the  brandy  itself  to  oft-repeated  frac- 
tional distillation,  so  as  to  obtain  the  more  volatile  ethers  as  well.'— 
Thudichum  and  Diipre. 

According  to  Berthelot,  the  amount  of  the  ethers  found  m  wine 
increases  with  the  quantities  of  alcohol  and  acid,  and  stands  in  a  nearly 
constant  ratio  therewith.  On  these  data  he  has  constructed  a  formula 
for  the  calculation  of  the  ethers  independent  of  their  direct  determi- 
nation. This  formula  will  be  found  stated  elsewhere  in  this  article,  the 
results  aflbrded  by  its  use  being  found  to  correspond  pretty  closely 
with  those  obtained  by  actual  analysis. 

The  ethers  of  wine  being  of  two  kinds,  fixed  and  volatile,  though 
principally  the  latter,  and  the  fixed  acids  which  enter  into  their  com- 
position existing  ready-formed  in  the  must  and  even  grapes,  it  follows 
that  the  fixed  ethers  are  the  fii'st  produced,  and  are  to  be  found  in 
comparatively  young  wine,  whereas  the  volatile  ethers,  mainly  acetic 
ether,  are  generated  only  gradually ;  so  that  the  amount  of  volatile  ethers, 
as  a  rule,  afibrds  a  valuable  indication  of  the  age  and  maturity  of  a  wine. 

Messrs.  Thudichum  and  Dupre  state  that  'the  amount  should 
gradually  augment  with  age,  until  in  from  four  to  six  years  the  max- 
imum would  be  reached.  If,  then,  a  fi-esh  amoimt  of  alcohol  be  added, 
and  the  wine  fortified,  etherification  wiU  begin  afresh,  and  again  reach 
a  maximum  after  a  number  of  years.  On  the  other  hand,  a  vnue  pre- 
pared artificially  with  addition  of  ethers,  Avill  probably  at  once  have  a 
maximum  of  ethers,  or  will  even  exceed  this,  and  wiU  then,  instead  of 
increasing  in  richness,  remain  stationary,  or  show  a  diminution  of  the 
ether  with  increasing  age.' 

The  Bouquet  of  Wine. 

The  smell  or  bouquet  of  wine  is  of  two  kinds — general  and  special. 
That  common  to  aU  good  wines  arises  from  certain  volatile  ethers 
which  have  already  been  particularised,  and  the  principal  of  which  is 
cenanthic  ether. 

Of  the  special  constituents,  some  exist  in  certain  kinds  of  grapes, 
as  Muscatel  and  Isabella  grapes ;  while  others  are  generated  '  partly 
out  of  substances  already  present  in  the  gi-apes,  and  partly  from  mat- 
ters formed  during  or  after  fermentation.'  '  The  fii'st  class  are  found 
in  what  are  termed  aromatic  wines  ;  the  second  in  bouqueted  wines. 
The  substances  characterising  aromatic  wines  are  found  apparently  in 
greater  quantity  with  the  increasing  ripeness  of  the  grape,  and  belong 
probably  to  the  category  of  essential  oils.  On  the  other  hand,  the 
substances  yielding  the  bouquet  are  sometimes  contained  in  greater 
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quantity  in  the  unripe  than  in  the  ripe  p^rape.  Their  chemical  nature 
is  but  little  understood.  Partly,  no  doubt,  they  consist  of  a  mixture  of 
compound  ethers,  formed  by  the  middle  members  of  the  fatty  acid 
series.  These  acids  originate  in  the  oxidation  of  albuminous  substances 
83  well  as  in  the  oxidation  of  some  of  the  higher  members  of  the  series 
or  their  fats.  The  more  important  constituents  of  true  bouquet,  how- 
ever, seem  to  be  of  a  different  nature.  The  fruit-blossoms,  or  other 
parts  of  certain  plants,  when  submitted  to  fermentation,  produce  a 
small  quantity  of  essential  oil,  termed  ferment  oil,  which  possesses  a 
characteristic  smell,  not  unfrequently  resembling  the  bouquet  of  certain 
lands  of  wine.  Thus,  the  flowers  of  the  elder,  when  allowed  to  ferment 
with  the  must,  impart  to  it  the  aroma  of  Muscatel  grapes ;  whilst  the 
flowers  of  the  vine  itself  imder  these  circumstances  produce  the  Rhine 
wine  bouquet.' — Thudichum  and  Dujn-e. 

The  Colouring  Matters  of  Wine, 

White  wines. — Some  of  the  white  wines  contain  but  little  colour- 
ing matter,  as  Champagne ;  otliers,  as  most  shei-ries,  nfore.  The  colour 
of"white  wines  depends  much  upon  the  grapes  from  which  they  are 
made,  especially  their  condition  as  to  ripeness ;  and  this  colour  usually 
increases  with  age,  owing  to  the  oxidation  of  some  of  the  extractive 
matters  of  the  wine,  and  in  particular  the  tannin.  Not  imfrequently 
the  colour  of  white  wines  is  increased  by  the  addition  of  a  dark  syrup, 
obtained  by  the  evaporation  of  the  juice  of  very  ripe  and  dark  coloured 
f^rapes ;  in  other  cases  by  the  use  of  caramel  or  burnt  sugar — an  objec- 
tionable practice,  and  oae  very  injurious  to  the  fiavom-  of  the  wine. 

Bed  wines. — The  various  tints  and  depths  of  coloiu?  of  red  wines 
are  due  sometimes  to  the  coloming  matter  contained  m  the  pulp  of 
some  descriptions  of  grapes,  but  chiefly  to  that  present  in  the  skins  of 
the  fruit. 

The  colom-ing  matter  of  the  pulp  of  certain  grapes  has  hitherto 
been  but  little  studied ;  it  is,  however,  distinguished  by  its  solubility, 
and  is  said  in  this  respect  to  agree  with  that  of  elder-berries  and  black 
cm-rauts.  In  France  and  Spain  a  vine  is  much  cultivated,  called  the 
'  Teinturier,'  and  the  grapes  of  which  produce  a  wine  of  a  deep  colour, 
much  employed  for  increasing  the  colour  of  other  wines. 

The  colouring  matter  of  the  skins  of  red  grapes  is,  in  its  natural 
state,  insoluble ;  and  hence  the  two  kinds  of  colom-ing  matter  might 
be  separated  in  the  juice  of  the  grape,  but  unfortunately  not  in  the 
wine  itself,  and  which,  not  unfrequently,  contains  both  descriptions  of 
colourino-  matter.  Port  wine  very  generally  contains  some  of  the  colour- 
ing matter  of  the  '  Teinturier.' 

The  colouring  matter  or  powder  obtained  from  a  red  wine  by 
Mulder's  process,  described  hereafter,  has  the  following  properties  and 
reactions ;  it  is  of  a  bluish-black  colour,  and  is  quite  insoluble  in  water, 
alcohol,  ether,  chloroform,  sulphide  of  carbon,  olive  and  tiu-pentine  oils; 
with  alcohol  containing  a  trace  of  acetic  acid  it  yields  a  beautiful  blue 
liquid ;  with  more  acid  it  becomes  red ;  with  alcohol  aud  tartaric  acid 
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it  also  turns  red,  although  it  is  only  soluble  in  small  quantities,  and 
after  beinp:  di-ied  it  requires  some  hours  to  dissolve. 

If  the  acid  be  just  neutralised  with  ammonia  the  solution  becomes 
blue;  the  same  change  occurs  on  the  cautious  addition  of  potash,  soda,  op 
lime ;  but  even  then  a  fresh  addition  of  acid  will  restore  the  red  colour. 

With  basic  and  neutral  acetate  of  lead  the  colouring-  matter  forms 
a  blue  precipitate,  consisting  of  oxide  of  lead  and  colom-ing  matter, 
which  therefore,  in  this  case,  replaces  an  acid. 

If  more  ammonia  be  added  to  the  red  solution  of  the  colouring 
matter  in  alcohol  and  tartaric  acid  than  is  necessary  to_  neutralise  the 
acid,  the  colom-  which  was  before  blue  becomes  green ;  if  the  animonia 
be  allowed  to  act  for  a  little  time,  or  more  be  added,  it  becomes  brown, 
and  the  red  colour  cannot  now  be  restored  by  means  of  an  acid.  The 
other  alkalies  possess  the  same  property  of  decomposing  the  blue 
colouring  matter. 

Although  this  colom-ing  matter  is  thus  easily  destroyed  by  alkalies, 
it  is  comparatively  unaffected  by  acids,  even  by  strong  sidphuric  acid. 
Chlorine  causes,  like  the  alkalies,  the  colouring  matter  to  become 
brown,  while  excess  of  chlorine  causes  the  brown  substance  to  become 
bright  yeUow. 

^^^^en  to  its  solution  in  alcohol  and  tartaric  acid  nitrate  of  silver 
is  added,  the  solution  becomes  deeper  red ;  with  mercuric  chloride, 
paler ;  by  nitrate  of  mercury  it  is  unaltered  ;  chloride  of  tin  makes  it 
darker  red,  and  slightly  violet ;  nitrate  of  lead,  brighter  red ;  the  pre- 
cipitates of  certain  acid  salts  are  colourless  ;  acetate  of  alumina  gives 
it  a  violet  hue,  very  much  like  the  coloiu'  of  wine. 

These  several  reactions  explain  the  changes  of  colom*  which  wine 
undergoes,  according  as  it  is  but  little  or  strongly  acid.  Unfortunately, 
there  do  not  appear  to  be  any  peculiarities  in  these  reactions  whereby 
the  colom-ing  matter  of  the  grape  may  be  distinguished  from  that  of 
other  red  vegetable  colouring  matters,  as  those  of  logwood,  cherries,  or 
the  elderberry. 

Mulder's  experiments  were  made  upon  colouring  matter  obtained 
from  a  French  red  wine,  but  he  states  that  the  coloming  matter  of 
Bm-gundy,  Bordeaux,  and  port  exhibits  precisely  the  same  properties. 
In  port  wine  and  in  other  wineswhich  have  been  cellared,  and  which  were 
originally  of  a  dark  colour,  two  colouring  matters  may  be  detected — the 
one  the  ordinary  red  colouring  matter,  the  other  yellow,  this  being  the 
product  of  the  oxidation  of  the  tannic  acid.  If  port  wine  be  precipi- 
tated with  acetate  of  lead  a  dirty  deposit  is  obtained;  if  this  be  washed 
the  liquid  which  flows  from  it  is  colom-less ;  if  after  washing  it  be 
suspended  in  water  and  sulphm-etted  hydrogen  be  passed  thi-ough  it, 
the  liquid  will  now  be  tinged  of  a  pale  yellow  colour.  The  sulphide 
of  lead  is  found  to  contain  both  the  red  and  yellow  coloiu'ing  matters ; 
if  it  be  treated  with  warm  alcohol  and  tartaric  acid  a  tinctm-e  of  a  port- 
wine  colour  is  obtained,  redder  if  the  wine  be  young,  and  browner  if 
it  be  old,  it  now  containing  the  two  colom-ing  matters.  If  this  liquid, 
which  contains  both  tartaric  acid  and  alcohol,  be  digested  with  carbon- 
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ate  of  lime,  evaporated  to  dryness  on  a  water-bath,  and  treated  with 
water  tiU  the  last  trace  of  acid  disappears,  boiled  with  water  and 
filtered,  the  oxidised  tannin  is  obtained  as  a  brown  liquid,  while  the 
red  coloiu-ing  matter  is  retained  by  the  lime,  from  which  it  can  be  ex- 
tracted by  means  of  alcohol  and  tartaric  acid. 

In  the  crust  of  port  wine  the  tannin  is  in  an  insoluble  state ;  ex- 
tracted with  alcohol  and  tartaric  acid  the  crust  gives  a  yellow  tincture 
like  very  old  port  wine,  but,  if  this  he  treated  with  chalk,  boiling 
produces  no  brown  solution  owing  to  the  tannin  having  been  rendered 
insoluble. 

Ammonia. 

A  very  minute  quantity  of  ammonia  is  usually  present  in  wine, 
which,  according  to  Mulder,  is  not  contained  in  the  grape,  but  is  due 
to  the  action  of  the  ferment  on  the  albiuninous  constituents  of  the 
juice.  Of  the  ammonia  thus  formed  part  is  precipitated  during  fermen- 
tation, as  phosphate  of  ammonia  and  magnesia. 

Thudichiun  and  Dupri5  found,  by  Wanklyn  and  Chapman's  process, 
the  following  quantities  of  ammonia  in  the  wines  named  below  :— 
Ingelheimer,  red       .       .       .       0-0051  per  cent. 

Port,  1851    00046  „ 

Sherrv,  30  years  in  bottle  .      .      0-0073  „ 

Madeira   0-0021  „ 

Niersteiner  ....  0-0021  „ 
Natural  port  .  .  i  .  0-0019  „ 
Port,  1865   0-0012  „ 

Alhuminom  Matter. 
The  unfermented  juice  of  grapes  contains  much  albuminous  matter. 
Part  of  this  forms  the  ferment  of  wine,  which  is  absorbed  by  the  yeast, 
and  is  deposited  in  an  insoluble  form  during  fermentation ;  but  a  small 
quantity  is  still  invariably  contained  in  all  wine,  as  wiU  be  seen  here- 

Properly  fermented  wines  contain  but  little  nitrogenous  matter; 
imperfectly  fermented  wines  more,  and  these  are  consequently  liable  to 
further  fermentation,  while  red  wines  contain  the  most,  especially  when 
youno-,  the  tannic  acid  preserving  it  from  further  change.  In  course 
of  time,  however,  much  of  this  albiunen  becomes  precipitated  with  the 
tannin,  and  helps  to  form  the  crust  of  red  wines. 

"  In  considering  the  question  of  the  presence  of  albuminous  matters 
in  -mne,  we  must  remember  that  albumen  is  precipitated  by  alcohol, 
even  when  much  diluted,  so  that  as  a  rule  the  stronger  the  -wine  the 
less  albumen  it  wiU  contain.  Again,  the  tannic  acid  forms  an  insolu- 
ble compound  with  albumen,  thus  preserving  it  and  the  wme  as  well 
from  further  change ;  and  in  time,  as  in  red  wines,  this  becomes  m  part 
deposited :  but,  on  the  other  hand,  it  must  not  be  forgotten  that  al- 
bumen is  soluble  in  tartaric  acid,  even  in  the  presence  of  the  alcohol 
and  tannin  of  wine.  In  weak  alcoholic  liquids,  as  weak  wine  or  beer 
much  albumen  may  be  present,  because  in  these  cases  the  large  quantity 
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of  water  present  keeps  it  in  solution.  Much  albumen,  according  to 
Mulder,  is  also  present  in  champagne,  causing  it,  after  it  has  been 
poured  out  a  little  time,  to  become  thick. 

The  Minm-al  Constituents  of  the  Grajw. 

The  diflerent  proportions  of  the  inorganic  constituents  of  the  ash  of 
grapes  and  of  their  juice  must  doubtless  exert  an  influence  on  the  quality 
of  the  wine,  and  are  important  in  the  determination  of  its  purity,  so 
that  it  becomes  of  consequence  to  ascertain  of  what  these  consist,  and 
in  what  quantities  they  are  present. 

Berthier  gives  the  percentage  composition  of  the  ash  of  the  entii-e 
(/rapes,  known  under  the  name  of  Gamaj,  collected  at  Nemoiu-s  in 


1850,  as  follows:— 

Sulphate  of  potash   5*0 

Chloride  of  potassium  .....  2-7 

Carbonated  alkali   44-4 

Carbonate  of  lime   ]0'5 

Carbonate  of  magnesia   12-h 

Phosphate  of  lime   23-d 

Silicic  acid   1-4 


100-0 

Boussingaidt  gives  the  following  as  the  composition  of  the  ash  of 
must,  and  of  a  litre  of  wine,  made  from  the  same  must : — 


Ash  of  must, 

Ash  of  litre  of  wine 

per  cent. 

in  grammes. 

Potash  

36-9 

0-842 

Soda  .... 

0-4 

Lime  .... 

10-7 

0-092 

Magnesia 

2-2 

0-172 

Oxide  of  iron  and  alumina 

3-4 

Phosphoric  acid  . 

10-7 

0-412 

Sulphuric  acid 

5-4 

0-096 

Chlorine 

0-4 

traces. 

Carbonic  acid 

12-4 

0-250 

Sand  and  silica 

l.Q-3 

0-006 

Loss  .... 

2-2 

100-00 

1-870= 

0-19  per  cent. 

Lastly  Orasso's  analyses  of  the  ash  of  the  must  of  purple  and  white 
grapes,  of  the  skins  and  of  the  stones,  are  shown  in  the  subjoined 
table : — 

1.  Must  from  unripe  puiple  grapes  of  the  small  Burgundy  or  black  Clavners 

(Metzger). 

2.  Must  from  ripe  purple  grapes,  small  Burgundy  or  black  Clavners  (Metzger). 

3.  Must  from  ditto,  but  from  a  different  place. 

4.  Must  from  ripe  white  grapes,  Schonfeilners  or  green  Sylvaners  (Babo  and 

Metzger). 

5.  Purple  skins  from  No.  1. 
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6.  White  skins  from  No.  4. 

7.  Stones  from  No.  1. 

8.  Stones  from  No.  4.    All  in  100  parts. 


Potash  . 
Soda 
Lime 
Magnesia 

Oxide  of  manganese 
Iron 

Sulphuric  acid 
Chlorine 
Silica  . 

Phosphoric  acid  . 


• 

8. ' 

4. 

5, 

G. 

7 
1 , 

8.  ! 

71-85 

62-74 

41-65 

■46-89 

27-89 

29-45 

1-20 

2-66 

2-13 

1-62 

a-39 

5-11 

20-31 

21-73 

32-18 

35-.57 

3-97 

3-95 

6-02 

4-45 

8-53 

8-51 

0-10 

0-30 

0-76 

0-51 

0-85 

0-45 

0-09 

0-40 

2-11 

1-97 

0-45 

0-65 

3-05 

4-89 

3-48 

3-88 

2-40 

2-61 

0-47 

0-70 

0-49 

0-71 

0-27 

0-35 

1-19 

2-18 

3-46 

2-67 

0-95 

1-27 

14-07 

17-04 

19-57 

15-66 

27-00 

21-05 

From  the  foregoing  analyses  of  the  ashes  of  grape-.iuice  we  are  en- 
ahled  to  determine  with  some  approach  to  accm-acy  the  P^portions  o 
the  several  salts  present  in  100  parts  of  grape-jmce,  and  these  would 
stand  as  given  helow  : — 

Potash 

Soda  . 

Lime  . 

Magnesia  . 

Oxide  of  manganese 

lion  . 

Sulpliuiic  acid  . 
Silica  . 

Phosphoric  acid  . 


0-251 
0-011 
0-0-20 
O-dlG 
0-001 
0-002 
0-019 
0-009 
0-068 


Total 


0-397 


In  100  parts  of  Ohasselas  grapes  Berthier  found  of  ash,  0-364. 

In  100  parts  of  Pinot  Noii-  Bui-gandy,  0-468 

Crasso,  in  the  juice  of  ripe  grapes,  found  0-326  ot  asli. 

^iSS^^'^^  found  the  sldns,  stalks,  and  stones 
to  yield  the  following  amoimts  of  ash  per  cent.  :— 

6-0 
5-0 
2-7 
2-6 
4-8 
2-7 


Grape  stalks 
Opaque  green  grape  . 
Transparent  grape 
Kipe  grape  . 
Skin  of  grape 

Stones  of  grape    .       .  - 
Grapes  from  Gamay  vine  at  Nemouis  {  ^.^q 
(Btrthier)  ' 

We  must  not,  howeVer,  expect  to  find  in  wine  aBytbing^l^  t^e 
quantities  above  given,  and  for  the  following  reason.    As  ieimentatio 


Soluble. 
0-4 
0-6 
05 
0-4 
0-3 
0-2 

2-25 


Insoluble. 
5-6 
4-4 

2-2 
4-5 
2-5 

1-98 
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proceeds,  and  more  and  more  alcoliol  is  formed,  the  mixture,  now  less 
watery  than  at  iirst,  can  no  longer  retain  in  solution  the  same  quanti- 
ties of  many  of  the  saline  constituents  it  previously  held  dissolved  ;  thus 
phosphate,  tartrate,  and,  it  is  affirmed  by  Muller,  sulphate  of  lime,  are 
being  continually  precipitated,  as  also  bitartrate  of  potash,  or  cream  of 
tartar ;  and  according-  to  the  same  authority,  '  sulphate  of  potash  and 
tartrate  of  magnesia,  or  tarti'ate  of  potash  and  magnesia.'  Young  wine, 
therefore,  contains  less  of  the  salts  mentioned  than  grape-juice,  and  old 
wine  in  which  a  crust  is  formed  a  still  smaller  amount. 

Bra^onnot  found  the  sediment  which  first  forms  in  wine  to  have 
the  following  composition : — 


Albuminous  matter  ^21 

Cream  of  tartar  61 

Tartrate  of  lime      ......  5 

Phosphate  of  lime   6 

Sulphate  of  lime  2 

Alumina,  wax-like  fat,  &c  5 


100 

Mineral  Constituents  of  Wine. 

The  mineral  constituents  of  wine  present  in  the  ash  resemble,  of 
course,  closely  those  of  the  grape,  and  consist  of  carbonate  of  potassa 
and  lime,  with  phosphate  and  sulphate  of  potash,  chloride  of  potassium, 
chloride  of  socfium,  phosphate  of  lime  and  magnesia,  with  iron,  silica, 
and  frequently  manganese  and  alumina,  the  last  usually  having  an 
extraneous  source. 

Of  course  the  carbonates  of  the  ash  are  derived  from  the  incinera- 
tion of  the  organic  acids,  as  the  tartaric  and  malic  acids,  and  are  not 
present  as  such  in  the  wine. 

If,  however,  the  must  of  the  wine  has  been  plastered,  or  the  wine 
subjected  to  the  process  of  sulphuring,  the  tartrates  and  malates  are 
diminished  in  part  or  entirely  removed,  tartrate  and  malate  of  lime 
being  thrown  down,  and  sulphate  of  potassa  taking  its  place,  so  that 
wines  which  have  been  thus  treated  may  contain  little  or  even  no 
carbonic  acid,  but  an  excess  of  sulphuric  acid ;  and  it  is  also  often  free 
from  chlorides,  for  the  same  reason ;  these,  though  absent  from  the  ash, 
are  always  present  in  the  wine  itself 

The  amount  of  ash  contained  in  unplastered  wines  will  of  course 
vary  with  the  quality,  that  is  to  say,  with  the  amoimt  of  gi-ape-juice 
from  which  they  have  been  manufactm-ed,  the  ash  incl'easing  with  the 
quantity  of  grape-juice  orig-inally  employed.  Thudichum  states  the 
variation  in  natural  wines  to  be  from  0-15  to  0-30  per  cent.,  but  in 
plastered  wines  the  amount  reaches  to  0-50  per  cent.,  and  in  wines,  the 
acidity  of  which  has  been  neuti-alised,  the  weight  of  the  ash  is  often 
even  greater. 

For  the  amounts  of  ash  furnished  by  different  wines,  the  reader  is 
referred  to  the  following  tables  of  averages  of  analyses  of  wine. 
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Averages  of  the  Analyses  of  Wine. 


Description  of 
Wine. 

Specific  Gravity.  ] 

Alcohol, 
by  weight. 

Fixed  Acid,  as 
Tartaric  Acid. 

Volatile  Acid,  as 
Acetic  Acid. 

1 

Total  Acid,  as 
Tartaiic  Acid. 

Eeal  Tartaric  Acid. 

§ 
o 

§ 

*m 

a) 

Ph 

•6 
•A 
1 

a 
■S 

8 

PS  ■ 

1    German  white 

993-5 

9-98 

-440 

-217 

•538 

■12  41 

1-337 

2-180  1 

(Thudichum.) 
2    French  wliite 

992-2 

10-84 

•435 

•169 

•634 

•1020 

1-257 

1-894  1 

(Thudichnm.) 
8    French  red  . 

999-8 

10-44 

•374 

•137 

•580 

-1269 

2-145 

3-677 

(Thudichum.) 
4    Hungarian  red 

992-5 

10-81 

•386 

•191 

•028 

■1222 

1^677 

1-979  ^ 

(Thudichum.) 
5    Hungarian  white . 

991-6 

10-23 

•419 

•179 

•644 

■0567 

1-026 

1-587  H 

(Thudiclium.) 
6    Hungarian  . 



10-36 

•49 

•10 

•62 

— 

5-53 

(U-ritiin.) 
7    Greek  white  . 

1004-2 

11-24 

•377 

•185 

•710 

•0599 

6-567 

fr719  1 

(Thudichum.) 
8    White  Greek 



10-45 

•61 

•19 

•96 

— 

8-62 

J 

9    Greek  red  . 



9-82 

•42 

•17 

■63 

— 

2-79 

■ 

(Grimn.) 
10    AustraUan  white  . 

989-5 

13-37 

•336 

•211 

■602 

■0525 

1-639 

1-938  ■ 

(Grimn,; 
11    Australian  red 

1000-2 

13-19 

■371 

•332 

■783 

•0700 

4-065 

6-048  1 

/  O  -t^Z  PR  .-1  \ 

(Lrrinin. ) 
12    Australian  red 

992-4 

12-12 

-710 

•140 

■885 

— 

2-337 

1 

(Jdassaii. ) 
13    Australian  white  . 

995-9 

12-60 

-790 

■146 

•992 

— 

2  020 

~  i 

(MassaLi.; 
14    So-called  natural  sherry 

989-7 

14-85 

•292 

■131 

•454 

— 

1-188 

1-901 

( T  hudlc  hum . ) 
15  Sherries 

993-9 

17-28 

■291 

■149 

•475 

-0187 

3-098 

4-098 

\  X  miUlCIlLUU.^ 

16  Sherries 

992-9 

17-89 

•390 

•«55 

•458 

— 

3-955 

(HassaU.) 
17  Sherries 

16-91 

■36 

•11 

■50 

— 

3-81 

(Grimn.; 
18    Dry  sherries  . 

16-98 

•379 

•046 

•435 

2-803 

(Hassall.) 
19    Sweetened  sherries 

994-1 

18-43 

•378 

•055 

•447 

4882 

(Hassall.) 
20    Deplastered  sherries  . 

989-5 

14-3-Z 

•310 

•069 

■396 

2-716 

(□assail,; 
21    Hambro'  sherries  , 

994-4 

17-85 

•275 

•047 

•334 

5-352 

(HassaU.) 
22    Imitation  sherry  . 

996  0 

16-48 

•257 

•111 

•397 

-0100 

3*60£ 

4  Utio 

(Thudichum.) 
9'^     ATa/lpira        .  • 

1001-3 

16-12 

■528 

•071 

•610 

6-167 

(Hassall.) 
24  Marsala 

999-5 

16-3P 

•241 

•11" 

•389 

3-67-2 

5-007 

(Thudichum.) 
25  Port 

999-5 

17-7i 

•271 

•12! 

!  -424 

-015( 

)  4-234 

L  6-607 

(Thudichum.) 
26    Ports  . 

19-2; 

!   .  •SO 

•07 

■309 

6  90 

(Griffin.; 
27    Ports  . 
1  (Has.sall.) 

992-2 

12-0 

3  •sse 

•04 

8  ^616 

2-77 

8  — 
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Averages  of  the  Analyses  of  Wine— {continued). 


Grape  Sugar. 

Bitartrate  of 
Potash. 

Ash. 

Alkalinity, 
as  Caustic  Potash. 

Phosphoric  Acid. 

Phosphoric  Acid  in 
soluble  part  of  ash. 

Alcohol  in  Ethers, 
fixed. 

Alcohol  in  Ethers, 
volatile. 

Alcohol  found  in 
Ethers,  exprt  ssed 
in  per  cents  of 
Alcohol  calcula- 
ted in  Ethers. 

Sulphuric  Acid. 

Cane  Sugar. 

iNO. 

•310 

0-079 

•182 

-025 

-031 

-022 

•0190 

-0258 

96'0 

— 

— 

1£ 

•088 

— 

•1.17 

-024 

-031 

•016 

•0147 

-0232 

65-7 

— 

— 

2 

2-2,'.3 

0-081 

-223 

•044 

-031 

-016 

•0184 

•0230 

79-2 

— 

— 

A 

— 

•122 

•192 

•054 

•035 

-015 

— 

— 

77-6 

— 

— 

A 

— 

■047 

•189 

•025 

•031 

-017 

-0174 

-0272 

73-8 

— 

5 

3-20 

— 

•n 

-07 

— 

— 

— 

— 

— 

— 

— 

6 

6-ra 

— 

•348 

•47 

•032 

-019 

•0304 

•0214 

80-5 

— 

— 

7 

7-04 

— 

-34 

-09 

— 

- 

— 

— 

— 

— 

— 

8 

none. 

— 

•25 

•09 

— 

— 

— 

— 

— 

— 

9 

•183 

— 

•234 

•031 

•012 

■(112 

-0169 

•0389 

83-5 

— 

— 

10 

2-642 

— 

•266 

•038 

•024 

•015 

-0154 

•0379 

72-6 

— 

— 

11 

•076 

•058 

•263 

•018 

•035 

— 

— 

— 

— 

— 

— 

12 

•042 

-087 

•188 

•081 

•066 

— 

— 

— 

— 

— 

13 

•119 

— 

•481 

•009 

•026 

•  — 

— 

— 

— 

— 

— 

14 

1-796 

— 

•529 

-012 

-022 

•016 

•0279 

-0363 

88-7 

— 

— 

15 

2-043 

— 

•437 

-012 

•023 

— 

— 

— 

— 

•141 

— 

16 

1-81 

— 

•38 

-06 

17 

9-34 

-027 

-022 

•136 

18 

1-743 

•448 

•010 

•022 

•181 

1-267 

19 

1-309 

•268 

•089 

•026 

•031 

20 

4-483 

•171 

-023 

-014 

•026 

-869 

21 

2-230 

•327 

-028 

-027 

-015 

22 

3.000 

•345 

•049 

-076 

-133 

23 

J-750 

•311 

•021 

•024 

•010 

-0294 

-0202 

99-5 

24 

3  332 

•237 

-67 

•51 

•024 

-0303 

-0239 

80-9 

25 

4-38 

-35 

-10 

26 

-669 

-247 

•084 

•035 

-032 

27 
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The  ExtractAoes. 

The  term  extractives  is  sometimes  applied  to  the  whole  of  the  resi- 
due ohtained  on  the  evaporation  of  a  given  quantity  of  wine  •,  more 
coiTectly,  however,  it  includes  only  certain  undetermined  matters,  ahout 
which  hut  little  is  Imown  ;  that  is  to  say,  to  the  residue  left  after  the 
suhtraction  of  all  the  Imown  and  easily  determined  non-volatile  con- 
stituents, the  sugar  and  mineral  matters.  Thus  limited,  however,  the 
residue  would  still  include  certain  well-lmown  constituents,  the  deter- 
mination of  which  is  capahle  of  heing  effected  only  with  difficidty  :  as, 
tannin,  dextrin,  colouring  matter,  &c. 

To  some  small  extent  the  extractives  proper  afford  indications 
wherehv  the  quality  and  genuineness  of  wines  may  be  determined ; 
thiis  in  dry  wines  the  extractive  matters  form  a  very  considerable  por- 
tion'of  the  total  solids;  but  in  saccharine  wines  the  amount  is,  of 
course,  far  less  relatively  to  the  sugar  than  in  the  former  class  of  wines  ; 
while,  lastly,  in  factitious  wines,  those  made,  as  is  some  so-called 
sherry,  fi'om  very  weak  wines,  which  consist  chiefly  of  water,  spirit, 
and  sugar,  the  extractives  are  reduced  to  a  minimum. 

Total  Solids. 

The  total  solids  of  a  wine  consist  of  all  those  substances  which  re- 
main after  evaporation  on  a  water-bath ;  as  the  sugar,  gum,  tannin, 
extractive  matters  proper,  salts,  &c.  They  do  not,  therefore,  mclude 
the  volatile  constituents  of  a  wine,  the  alcohol,  ethers,  or  volatile  acids, 
especially  acetic  acid. 

AVERAGE  COMPOSITION  OF  WIIJE. 

Having  thus  treated  separately  of  all  the  chief  compounds  of  wine, 
we  will  noV  proceed  to  give  the  mean  analyses  of  some  of  the  principal 
varieties  of  wine  calculated  from  the  analyses  of  Thudichum  and 
Diipre,  Griffin,  and  from  our  own  analyses.  These  will  be  found  very 
useful  for  reference. 

THE  ANALYSIS  OF  WINE. 

Estimation  of  Sugar. 

There  are  two  methods  usually  employed  for  the  estimation  of 
suo-ar  in  wine,  namely,  the  chemical  and  the  optical.  We  shall  describe 
onlv  the  former  method  on  the  present  occasion. 

The  chemical  method  consists  in  the  employment  of  an  alkaline 
solution  of  a  salt  of  copper. 

The  copper  solution  is  prepared  as  follows :— 

Dissolve  exactly  34-639  grm.  of  pure  crystallised  siilphate  of  copper, 
which  has  been  perfectly  freed  from  every  trace  of  moistm-e  by  pressing 
between  blotting-paper,  in  about  200  cc.  of  water  Dissolve  m 
another  vessel  173  grm.'  of  pure  Rochelle  salt  (tartrate  of  soda  and 
potassa)  in  480  cc.  of  pure  solntaon  of  soda  (spec.  /, ^g'  ^ 
four  the  copper  solution  slowly  into  the  second  one,  and  ddute  the 
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dark  Uue  clear  solution  to  exactly  1,000  cc. ;  10  cc.  of  this  solution 
contain  0'34639  gi'iu.  of  sulphate  of  copper,  capable  of  decomposing 
0'050  grm.  of  grape  sugar.  The  solution  should  be  kept  in  a  dark 
place  in  well-corked  bottles. 

The  wine  should  be  diluted  to  such  an  extent  that  it  contains  about 
^  per  cent,  of  sugar ;  in  most  cases  60  cc.  of  wine  and  200  cc.  of 
water  will  be  the  right  proportion  ;  this  vaiying,  of  course,  with  the 
wines  of  difi'erent  counti-ies.  If  the  wine  be  of  dark  colour,  as  in  the 
case  of  port,  it  must  be  decolorised  by  shaking  it  with  powdered 
animal  charcoal. 

The  estimation  is  effected  in  the  following  way : — Measure  exactly 
10  cc.  of  copper  solution  into  a  small  flask  or  porcelain  basin,  dilute  it 
with  from  40  cc.  to  50  ,cc.  of  water,  heat  nearly  to  boiling,  and  keep 
the  liquid  gently  simmering.  Add  now  from  a  bm-ette,  graduated  in 
j^jj  cc,  the  dilute  wine  in  small  quantities.  The  liquid  appears,  after 
addition  of  the  first  few  drops,  greenish,  but  gets  gradually  perfectly 
red.  After  a  few  minutes'  heating,  the  precipitate,  consisting  of 
cuprous  oxide,  settles  in  most  cases  very  easily,  and  the  colom*  of  the 
liquid  can  readily  be  obsei-ved.  Continue  adding  the  wine  as  long 
as  the  liquid  appears  blue.  In  this  manner  the  point  of  saturation  can 
bs  observed  with  sufficient  accuracy,  if  the  wine  be  of  light  colour ;  if 
not,  a  small  quantity  of  the  liquid  should  be  filtered  into  a  test-tube, 
and  a  drop  or  two  of  the  wine  added  to  it  and  boiled.  If  no  more  red 
precipitate  or  turbidity  appears,  the  reaction  is  finished ;  but  if  a  doubt 
is  still  entertained,  and  the  point  of  the  disappearance  of  the  blue  colour 
be  uncertain,  a  drop  of  ferrocyanide  of  potassium  and  a  few  drops  of 
acetic  acid  may  be  added  to  ithe  liquid  in  the  test-tube,  when,  if  a 
brown  precipitate  or  colom-  appears,  it  is  manifest  that  there  is  still 
copper  in  solution.  The  quantity  of  wine  used  contains  0'05  gi-m.  of 
grape  sugar.    Calcidate  for  100  parts  of  wine. 

The  same  process  is  employed  for  the  estimation  of  cane  sugar  after 
its  conversion  into  glucose  in  the  usual  manner.  Sometimes  the  quan- 
tity of  sugar  is  estimated  from  the  weight  of  the  oxide  of  copper  thrown 
down,  220-5  parts  of  the  oxide  corresponding  to  100  parts  of  sugar. 
In  this  case  the  oxide  should  be  collected  on  a  weighed  filter  while 
the  liquid  is  still  hot.  If  the  oxide  be  allowed  to  remain  for  any 
length  of  time  in  the  cold  solution,  part  of  it  will  become  dissolved, 
and  thus  the  estimation  will  be  rendered  valueless.  We  have  found 
that  the  boiling  alkaline  solution  dissolves  a  very  perceptible  quantity 
of  cellulose  from  the  filter,  and  the  results  thus  obtained  are  frequently 
quite  inaccurate  ;  hence  it  is  safest  in  all  cases  to  estimate  the  sugar 
volumetricaUy. 

Other  methods  have  been  devised  for  the  determination  of  sugar, 
as  by  its  conversion  into  carbonic  acid  and  alcohol,  and  the  estimation 
of  either  the  acid  or  the  alcohol ;  but  this  method  is  never  employed 
in  the  estimation  of  sugar  in  vsdne,  and  therefore  it  is  unnecessary  to 
enter  into  any  description  of  it  in  this  article  on  wine  analysis. 
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5 


•9897 

5-96 

7-42 

6 

6-0-2 

7-nO 

5 

609 

7-M 

4 

6-15 

7-66 

3 

(i-22 

2 

6^29 

7-83 

1 

6-35 

7^91 

0 

6^42 

8-00 

•9889 

6^49 

8-08 

8 

6-55 

8-17 

7 

6-62 

8-25 

6 

6^69 

8-33 

5 

6-75 

8^42 

4 

6^82 

8-nO 

3 

6  89 

8-58 

2 

6-95 

8-G6 

1 

7-02 

8-75 

0 

7-09 

8-83 

•9879 

7-16 

8-91 

8 

7^23 

9-00 

7 

7-30 

9-08 

6 

7^37 

9^17 

5 

7-43 

9-25 

4 

7-50 

9^33 

3 

7-57 

9-42 

2 

7^64 

9-50 

1 

7-71 

9-58 

0 

7-78 

9-66 

•9869 

7-85 

9^75 

8 

7-92 

A.OQ 

a  00 

7 

7-99 

9^91 

6 

8^06 

10-00 

5 

8-13 

10-08 

4 

8^20 

10-17 

3 

8^27 

10-25 

2 

8^34 

10-33 

1 

8-41 

10-42 

0 

8-48 

10-50 

•9859 
8 

8-56 

10-58 

8-62 

10-66 

7 

8^70 

1075 

6 

8^77 

10-83 

5 

8^84 

10-91 

4 

8-91 

11-00 

8^98 

11-09 

e  s 


13-02 
13-15 
13-30 
13-43 
13-59 
13-74 

13-  87 

14-  02 
14-17 
14-30 
14-45 
14-60 
14-73 

14-  88 

15-  03 
15-16 
15^31 
15^47 
15-62 
15-77 

15-  92 

16-  07 
16-20 
16-35 
16-50 
16-65 
16-80 

16-  95 

17-  10 
17-26 
17-41 
17-56 
17-71 

17-  86 

18-  01 
18-16 
18^3 1 
18^46 
18-61 
18-76 

18-  93 

19-  08 
19^23 
19^38 
19-54 
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•9852 
1 
0 

•9849 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9839 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9829 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9819 


6 
5 
4 
3 
2 
1 
0 

•9809 
8 


□ 

-is  J3 

a  o  ,bp 
•q  ^'S 
S  —  ^ 
° 

<i  ^  >> 

8-° 


9^05 
9-12 
9^20 
9^27 
9^34 
9-41 
9-49 
9^56 
9^63 
9-70 
9^78 
9^85 
9^92 
9^99 
10^07 
10^16 
10^26 
10-35 
10-44 
10-54 
10-63 
10-72 
10-81 

10-  91 

11-  00 
11-08 
11-15 
11^23 
11-31 
11-39 
11-46 
11-54 
11-62 
11-69 
11-77 

11-  85 
11  ^92 
12^00 

12-  08 
12-15 
12-2.'5 
12-31 
1-2-39 
12-46 
12-54 


a 

Oi  "  S 

^  op- 


11-18 
11-27 
11-36 
11-45 
11-55 
11-64 
11-73 
11-82 

11-  91 

12-  00 
12-09 
12-18 
12-27 
12  ^36 
12-45 
12-55 
12-64 
12-73 
12-82 

12-  91 

13-  00 
13-09 
13-18 
13-27 
13-36 
13-45 
13-55 
13-64 
13-73 
13-82 

13-  91 

14-  00 
14-10 
14-20 
14-30 
14-40 
14-50 
14-60 
14-70 
14-80 
14-90 
15^00 
15^09 
15^18 
15^27 


O  43 

o  o 
it  ^ 


19-69 

19-  84 

20-  01 
20-16 
20-31 
20-46 
20-63 
20-78 

20-  93 

21-  08 
21-26 
21-40 
21-55 
21-70 

21-  87 

22-  07 
22-27 
22-47 
22^67 

22-  87 

23-  07 
23-27 
23-47 
23-67 

23-  87 

24-  04 
24-20 
24-36 
24-52 
24-68 

24-  84 

25-  01 
25-17 
25-34 
25-50 
25-66 

25-  83 

26-  00 
26-16 
20-33 
26-49 
26-66 
26-82 

26-  98 

27-  15 


SO 
CD  o 


•9807 
6 
5 
4 
3 
2 
1 
0 

•9799 

8 
7 
6 
5 
4 
3 
2 
1 
0 

•9789 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9779 

8 
7 
6 
5 
4 
3 
2 
1 
0 

•9709 

8 
7 
6 
5 
4 
3 


12^62 
12^69 
12^77 
12-85 

12-  92 

13-  00 
13-08 
13-15 
13-23 
13-31 
13-39 
13-46 
13-54 
13-62 
13-69 
13-77 
13-85 

13-  92 

14-  00 
14-08 
14-17 
14^25 
14-3.^ 
14-42 
14-50 
14-58 
14-66 
14-75 
14-83 

14-  91 

15-  00 
15-08 
15-17 
15-25 
15  33 
15-42 

15-  60 

16-  68 
15-66 
15-75 
15-83 

15-  91 

16-  00 
16-08 
16-17 


"  ^  i 


15-  36 

16-  46 
15-56 
15-64 

15-  73 

16-  82 

15-  91 

16-  00 
16-10 
16-20 
16-30 
16-40 
16-50 
16-60 
16-70 
16-80 

16-  90 

17-  00 
17-10 
17-20 
17-30 
17-40 
17-50 
17-60 
17-70 
17-80 

17-  90 

18-  00 
18-10 
18-20 
18-30 
18-40 
18-50 
18-60 
18-70 
18-80 

18-  90 
19  00 

19-  10 
19-20 
19-30 
1 9-40 
19-50 
19-60 
19-70 


27-31 
27-48 
27-64 
27-80 

27-  97 

28-  13 
28-29 
28-46 
28-62 
28-79 

28-  95 

29-  11 
29-29 
29-44 
29-61 
29-77 

29-  93 

30-  10 
30-26 
30-46 
30-64 

30-  84 

31-  03 
3 ,  -22 
31-41 
31-60 
31-79 

31-  99 

32-  18 
32-38 
32-66 
32-73 

32-  91 

33-  08 
33-26 
33-48 
33-61 
33-78 

33-  96 

34-  14 
34-32 
34-50 
34-66 
34-82 
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Specific  Gravity 
at  15-5°  C. 

Absolute 
Alcohol  per  ceut. 
by  weight. 

A'  solute 
Alcohol  per  cent, 
by  voUiiue. 

Percentage  of 
Proof  Spirit. 

Specific  Gravity 
at  15-5°  C. 

Absolute 
AlC(51iol  per  cent, 
by  vifeight. 

Absolute 
Alcohol  per  cent, 
by  volume. 

Percentage  of 
Proof  Spirit. 

■9762 
1 
0 

■9769 
8 
7 
6 
5 
4 
3 
2 
1 
0 

■9749 
8 
7 
6 
5 
4 
3 
2 
1 
0 

■9739 

.8 
7 
6 
5 
4 
3 
2 
1 
0 

•9729 

8 
7 
6 
5 
4 

r» 
O 

2 
1 
0 

•9719 
8 

16-25 
16-33 
16-42 
16-50 
16-58 
16-66 
16-75 
16-83 

16-  91 

17-  00 
17-08 
17-17 
17-25 
17-.33 
17-42 
17-50 
17-58 
17-66 
17-75 

17-  83 
1791 

18-  00 
18-08 
18-15 
18-23 
18-31 
18-38 
18-46 
18-54 
18-62 
18-69 
18-77 
18-85 

18-  92 
1900 

19-  08 
19-17 
19-25 
19-33 
19-42 
19-50 
19-58 
19-66 
19-75 
19-83 

19-80 

19-  90 

20-  00 
2010 
20-20 
20-30 
20-40 
20-50 
20-60 
20-70 
20-80 

20-  90 

21-  00 
21-10 
21-20 
21-30 
21-40 
21-50 
21-60 
21-70 
21-80 

21-  90 

22-  00 
22-09 
22-18 
22-27 
22-36 
22-45 
22-54 
22-64 
22-73 
22-82 

22-  91 

23-  00 
23-10 
23-20 
23-30 

23-  40 
23'50 
23"60 
2370 
23'80 
23'90 
24  00 

24-  10 

35-14 
35-30 
35-46 
35-62 
35-77 

35-  95 

36-  11 
36-27 
36-43 
36-61 
36-78 

36-  96 

37-  13 
37-31 
37-48 
37-66 

37-  83 

38-  01 
38-18 
38-36 
38-53 
38.71 

38-  87 

39-  03 
39-19 
89-35 
39-51 

39-  67 
ov  00 

40-  00 
40-16 
40-32 
40-48 
40-64 
40-81 

40-  98 

41-  16 
41-33 
4V51 
41-68 

41-  85 

42-  03 
42-20 
42-38 
42-55 

•9717 

6 
5 
4 
3 
2 
1 
0 

•9709 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9699 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9689 
8 
7 
6 
5 
4 
3 
2 
1 
0 

-9679 
8 
7 
6 
5 
4 
3 

19-  91 

20-  00 
20-08 
20-17 
20-25 
20-33 
20-42 
20-50 
20-58 
20-66 
20-75 
20-83 

20-  91 

21-  00 
21-08 
21-15 
21-23 
21-31 
21-38 
21-46 
21-54 
21-62 
21-69 

21-  77 
2b85 
21^91 

22-  00 
22-08 
2-2-15 
22-23 

22-  31 

23-  38 
22-46 
22-54 
22-62 
22-69 
22-77 
22-85 

22-  91 

23-  00 
23-08 
23-15 
23-23 
23-31 
23^38 

24^20 
24-30 
24-40 
24-50 
24-60 
24-70 
24-80 

24-  90 

25-  00 
25-09 
25-18 
25-27 
25-36 
25-45 
25-54 
25-64 
25^73 
25^82 

25-  91 

26-  00 
-26-10 
26-20 
26-30 
26-40 
26-50 
26-60 
26-70 
26-80 

26-  90 

27-  00 
27-09 
27-18 
27-27 
27-36 
27-45 
27-55 
27-64 
27-73 
27-82 

27-  91 

28-  00 
28-09 
28-18 
28-27 
28-36 

42-73 

42-  90 

43-  07 
43-25 
43-42 
43-60 
43-77 

43-  94 

44-  12 
44-29 
44-46 
44-63 
44-81 

44-  99 

45-  15 
45-31 
45-47 
45-63 
45-79 

45-  95 

46-  11 
46-27 
46-43 
46-59 
46-76 

46-  92 

47-  07 
47-23 
47-39 
47-55 
47-71 

47-  87 

48-  03 
48-19 
48-35 
48-51 
48-67 
48-83 

48-  99 

49-  15 
49-31 
49-47 
49-63 
49-78 
49-94 
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Alcohol  Tables. 
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8 

24^54 

29-73 
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52-48 
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52-64 

7 

2.^-85 

28-91 

50-89 

5 

24-77 
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62-80 

6 

23-91 
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51-05 
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52-96 

5 
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29-09 
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I 

24-28 

29-36 

51-69 

•91984 

49-24 

57-06 

100 

24-31 

29-45 

51-85 

Det&'mination  of  Glycerin. 

The  following  is  the  method  of  M.  Pasteur  for  the  determiaation 
of  the  glycerin  of  wine  resulting  from  the  transformation  of  a  portion 
of  the  sugar  consequent  on  fermentation : — 

To  half  a  litre  of  wine  40  grammes  of  animal  charcoal  are  added  ; 
the  mixtm-e  is  to  he  frequently  shaken,  and  after  twenty-four  hom-s  the 
charcoal  is  separated  hy  filtration.  It  is  now  to  be  well  washed  with 
cold  water,  and  the  filtrate  is  to  he  evaporated  on  a  water-bath  to 
200  cc.  It  is  then  neutralised  with  milk  of  lime  evaporated  to  dry- 
ness, and  the  residue  treated  with  a  mixture  of  two  parts  of  ether  and 
one  of  alcohol.  This  solution,  which  may  contain  fruit  sugar,  is  evapo- 
rated in  a  water-bath,  and  lastly  dried  in  vacuo  over  sulphuric  acid,  and 
finally  weighed. 

Estiviaticm  of  Alcohol. 

Numerous  as  the  proposed  methods  for  estimating  alcohol  are,  there 
are  but  very  few  which  give  exact  and  easily  obtainable  results.  The 
most  important  and  generally  employed  method  is  based  upon  the  fact 
that  the  specific  gravity  of  a  mixture  of  alcohol  and  water  has  a  very 
close  relation  to  the  quantity  of  alcohol  contained  in  it.  Alcohol  is 
lighter  than  water,  the  specific  gravity  of  absolute  alcohol  being  0-792  - 
and  the  specific  gravity  of  a  dilute  alcohol  lies  between  that'number 
and  1-000,  the  specific  gravity  of  the  water.  With  very  o-reat  care 
tables  have  been  constructed  for  estimating  the  specific  ^-a^-ities  of 
mixtures  of  alcohol  and  water ;  so  that,  the  gravity  of  an  alcoholic 
liquid  being  given,  the  percentage  of  absolute  alcohol  contained  in  it 
can  directly  be  seen  from  those  tables. 

3  B  2 
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The  preceding  tahles  are  taken  from  Thudichum  and  Dupr^'s  worlc 

hefore  referred  to.  .      «    ,  .  ,    •    ^    ■.  ^• 

The  alcoholic  liquid,  the  specific  gravity  of  which  is  to  be  esti- 
mated must  of  course  he  freed  from  the  solid  matters  found  in  the 
wine  which  is  easily  effected  by  simple  distillation.  Measiu-e  a  certain 
quantity  of  wine,  conveniently  100  cc,  render  it  slightly  alkaline  bv 
addition  of  caustic  soda  solution,  in  order  to  fix  the  volatile  acids  add 
about  one  deci"-ramme  of  pm-e  tannin  and  25  cc.  of  water,  and  boil  the 
mixture  till  the  distiUate  amounts  to  about  100  cc,  or  fill  eventually 
up  with  Avater  to  the  volume  of  the  wine  employed.    AU  alcohol  is 
now  in  the  distillate,  mixed  with  water,  and  only  very  smaU  quantities 
of  the  difierent  ethers,  which  give  to  the  wine  its  flavour.    It  is  not 
advisable  to  distil  less  than  three-fourths  of  the  volume  of  the  wine, 
since  tlie  last  traces  of  alcohol  volatilise  only  with  difiiculty.  borne 
authors  distil  no  more  than  about  one-half,  or  even  less,  which  is  de- 
cidedly too  little.    Having  now  obtained  the  alcoholic  hquid,  its 
specific  gravity  is  to  be  estimated,  which  may  be  done  in  vaiious  ways, 
but  most  accurately  bv  the  use  of  the  '  specific  gravity  bottle     Ihis  is 
a  little  glass  flask,  holding  about  20  to  40  cc,  provided  with  a  perfo- 
rated glass  stopper,  or  a  small  thermometer  as  stopper.  The  bottle  nnist 
be  fiist  weighed,  then  filled  with  pm-e  distilled  water  of  15-_5  U.  ihe 
difference  between  the  two  weights  is  of  course  the  weight  ot  the 
water  contained  in  the  bottle.    The  bottle  is  then  rinsed  out  with  the 
alcoholic  liquid,  the  specific  gravity  of  which  is  to  be  taken  at  a 
temperature  of  15-5°  0.,  and  the  weight  determined.    The  weight  oi 
the  alcohol,  divided  by  that  of  the  water,  gives  the  specific  gravity 
of  the  liquid  at  15-5°  0.    The  same  process  holds  good  for  the  detei- 
mination  of  the  specific  gravity  of  all  other  liquids     A  glance  at  the 
table  given  above  shows  the  percentage  of  alcohol  contained  m  the 
wine.   It  is  most  convenient  to  express  the  amount  of  alcohol  in  parts 
bv  weight  in  volumes  of  wine. 
"   There  are  three  cases  which  may  occur :—        ,    .    ,    ,  , 
(I.)  The  wine  employed,  and  the  distillate  obtained,  have  been 

'"^T^'lfequired  percentage  of  alcohol  by  weight  in  weight  of  wine.— 
Multiply  percentage  by  weight  given  in  the  tables  by  the  sp«eihc 
Uvitvof  the  distillate;  and  divide  by  the  specific  gravity  of  the  wine. 
^    2.  Requii-ed  percentage  of  alcohol  by  weight  in  volume  of  wine.- 
Multiply  percentage  by  weight  of  distillate  by  the  specific  gravity  ot 

distillate.  ,      ,  ,,  ,  •  ?  j 

ril  ^  The  ivine  and  the  distillate  have  both  been  imghed.  _ 

1.  Required  percentage  of  alcohol  by  volume  m  volume  of  wine  - 
Multiply  percentage  by  volume  of  distillate  by  the  specific  gi-avity  of 
the  wini,  and  divide  by  the  specific  graAaty  of  the  distilkte. 

2.  Required  percentage  of  alcohol,  by  weight  lu  volume  of  wine 
Multiply  percentage  by  weight  of  distillate,  by  the  specific  gravity  ot 
the  wine. 
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3.  Required  percentage  of  alcohol  by  weight  in  weight  of  wine. — 
These  numbers  are  given  in  the  tables. 

(III.)  The  icine  has  been  measured,  the  distillate  xoeighed. — The 
percentage  of  alcohol  is  directly  given  by  the  alcohol  tables. 

Of  other  methods  for  the  estimation  of  alcohol  in  wine  we  mention 
the  follo%ving  ;  but  for  a  more  elaborate  description  of  them  we  must 
refer  the  reader  to  works  specially  treating  of  the  subject. 

Estimation  foimded  upon  the  boiling-points  of  mixtures  of  alcohol 
and  water. 

Estimation  founded  upon  the  expansion  of  alcoholic  liquids  ;  and 
lastly,  estimation  founded  upon  the  tension  of  the  vapour  of  the  liquid. 
Several  ingenious  apparatus  have  been  constructed  upon  the  above- 
mentioned  principles. 

These  methods  require  the  greatest  possible  care,  and  are  very 
liable  to  error.  With  heavy  wines  the  best  process  is  that  by  dis- 
tillation, and  next.  Balling's  plan,  which  can  be  completed  in  the  least 
time. 

Estimation  of  Alcohol  hy  conversion  into  Acetic  Acid. 

This  method  is  only  applicable  to  alcoholic  liquids  containing 
minute  quantities  of  alcohol,  where  its  determination  with  accui'acy  by 
the  specific  gi-avity  test  would  be  impossible.  The  alcohol  is  converted 
into  acetic  acid  by  heating  it  in  a  strong  closed  flask,  with  a  mixture 
of  a  solution  of  bichromate  of  potash  and  sulphuric  acid.  The  acetic 
acid  formed  by  the  oxidation  of  the  alcohol  is  distilled  over  and  esti- 
mated by  means  of  standard  soda  solution  in  the  usual  way.  Of 
com-se  care  must  be  taken  to  add  sufiicient  bichromate  to  oxidise  all 
alcohol  present.  One  equivalent  of  alcohol,  OjHgO,  corresponds  to  one 
equivalent  of  acetic  acid,  OjH^Oj,  or  46  parts  alcohol  are  equal  to  60 
parts  of  acetic  acid. 

Determination  of  Alcohol  hy  Specific  Gravity  of  dealcoholised  Wine. 

If  a  measured  quantity  of  wine  be  boiled  down  to  about  one-fourth 
of  its  bulk,  and  then  filled  up  again  with  distilled  water  to  the  volume 
employed,  the  specific  gi-avity  of  the  liquid  must  of  necessity  be  higher 
than  the  specific  gravity  of  the  original  wine,  since  all  alcohol  has 
been  driven  away,  and  only  the  non-volatile  constituents  have  been 
left.  All  these  latter  have  a  higher  specific  gTavity  than  water ;  the 
specific  gravity  of  their  solution  must,  therefore,  also  be  higher  than 
the  specific  gravity  of  water.  It  has  been  proved  by  Balling  and 
others,  that  the  specific  gi-avity  of  the  dealcoholised  wine  gives  pretty 
accurately  the  amount  of  total  solids,  if  we  consider  the  liquid  to  be 
a  solution  of  pure  cane  sugar  only,  and  the  difierence  of  the  specific 
gravities  will  give  us  the  amount  of  alcohol  driven  off  by  boiling.  The 
amount  of  volatile  ethers,  aldehydes,  &c.,  is  so  small  as  not  to  interfere 
practically  with  the  accuracy  of  the  determination. 
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The  principle  involved  is,  that  the  specific  gravity  of  a  dilute  alcohol 
multiplied  hy  the  specific  gravity  of  a  solution  of  cane  sugar  gives  the 
specific  gravity  of  the  mixed  fluids ;  and  the  specific  gravity  of  the 
mixtm-e  divided  by  the  specific  gra\aty  of  the  dealcoholised  liquid 
restored  to  its  original  hulli,  gives  the  specific  gravity  of  the  dilute 
alcohol,  and  hence  the  percentage  of  the  alcohol  driven  ott';  or  ex- 
pressed in  formula — 

Sa  X  Ss  =  Sm,  and 

Sm 
Sa  =  , 

Ss 

Sa  heino-  the  specific  gravity  of  the  diluted  alcohol,  Ss  that  of  the  sugar 
solution,  and  Sm  that  of  the  mixtm-e. 

The  estimation  of  the  alcohol  in  a  wine  is  conducted  as  follows : — 
Take  a  measm-ed  quantity— say  100  cc,  boil  it  down  to  about  one- 
fourth,  and  add  sufiicieut  water  to  the  dealcoholised  liquid  to  make  it 
up  to  its  original  bulk.  Take  its  specific  gravity  at  16-5°  C.  Divide 
the  specific  gravity  of  the  entire  wine  by  the  specific  gravity  of  the 
same  dealcoholised.    The  product  is  the  specific  giuvity  of  the  alcohol. 

It  is  evident  that  a  certain  amount  of  error  must  be  committed  by 
the  adoption  of  this  method,  inasmuch  as  we  calculate  a  \  arying  mix- 
ture of  many  diflerent  organic  and  inorganic  substances,  as  if  it  were 
cane  sugar  only,  notwithstanding  that  this  substance  is  not  present  at 
all  in  wine.  This  method  has  been  recommended  by  Ballino'  and 
Mulder,  and  requires  less  time  and  experience  than  any  other.  Subse- 
quent researches  by  Dr.  Kiuft  (' Zeitschi-ift  fiii-  anal.  Ohemie'— K. 
Fresenius),  however,  have  shown  that  the  time  is  gained  at  the  expense 
of  the  accm-acy  of  the  determination. 


Estimation  of  Total  Free  Acids. 

The  principal  free  acids  in  wine  are  tartaric,  malic,  and  acetic 
acids.  We  shall  speak  afterwards  of  the  estimation  of  tartaric  and  malic 
acids  ;  at  present  we  have  only  to  describe  the  estimation  of  the  total 
acidity  This  is  most  easily  accomplished  by  means  of  a  standard 
soda  solution,  of  such  strength  that  1,000  cc.  of  it  neutralise  half  an 
equivalent  of  a  bibasic,  and  a  whole  equivalent  of  a  monobasic  acid. 
Such  a  solution  would  neuti-alise  60  grammes  of  acetic  acid,  and  75  ol 
tartaric  acid.  Measm-e  100  cc.  of  wine  into  a  beaker,  and  add  trom 
a  graduated  bm-ette  the  soda  solution  imtil  the  reaction  of  the  wine 
is  perfectly  neutral,  that  is,  when  neither  blue  litmus  nor  tiirmenc 
paper  is  changed.  The  number  of  cc.  of  soda  solution  used,  multiphed 
by  0-075,  gives  the  total  fi-ee  acid  calculated  as  tartaric  acid  in  per- 
centao-es.  This  estimation  is  most  conveniently  combined  with_  the 
determination  of  the  alcohol,  just  described,  since  also  in  this  estima- 
tion the  wine  must  be  rendered  neutral,  or  even  alkahne. 


WINE  AND  ITS  ADULTEEATIONS. 


743 


Estimation  of  Volatile  Acids. 

Of  volatile  acids,  only  acetic  acid  is  present  in  estimaUe  quantity. 
Formic  and  propionic  acids  are  contained  in  Mane,  but  not  in  such 
quantities  as  could  be  estimated  by  operating  upon  a  small  quantity  of 
•wine.  The  estimation  of  acetic  acid  is  an  indirect  one.  100  cc.  of  the 
wine  are  boDed  down  in  a  beaker  to  about  one-fourth,  and  the  remaining 
acid  estimated  as  just  described  above.  The  difference  of  acidity 
before  and  after  boiling  is  due  to  acetic  acid,  volatiKsed  by  the  heat 
employed,  while  the  amount  of  soda  solution  used  after  boiling  is 
calculated  into  tartaric  acid  as  described  above ;  1,000  cc.  of  soda 
solution  are  equal  to  60  grammes  of  acetic  acid.  It  is  commonly 
recommended  to  distil  the  wine  from  a  retort,  and  to  estimate  the 
acetic  acid  in  the  distillate.  The  objection  to  this  method  is  that  acetic 
acid  would  partly  be  volatilised  as  acetic  ether,  a  neutral  substance, 
and  the  result  would  thus  become  too  low.  We  prefer,  therefore,  to 
avoid  this  objection  and  to  dispense  with  distillation. 

JEstimation  of  Bitartrate  of  Potash. 

Bitarti-ate  of  potash  is  only  with  difficulty  soluble  in  water,  and 
nearly  insoluble  in  absolute  alcohol,  and  still  more  so  in  a  mixture  of 
alcohol  and  ether.  Upon  this  fact  the  methods  for  estimating  bitartrate 
of  potash  in  wine  are  based.  Berthelot's  method  is  commonly  em- 
ployed. Mix  20  cc.  of  wine  with  100  cc.  of  a  mixture  of  alcohol  and 
ether,  and  let  the  liquid  stand  in  a  stoppered  flask  for  two  or  three  days. 
During  this  time  nearly  aU  the  cream  of  tartar  will  have  crystallised 
out,  and  may  be  collected  upon  a  Aveighed  filter,  dried  and  -weighed. 

Estimation  of  Total  Tartaric  Acid. 

Neutralise  in  200  cc.  of  wine  about  one-fifth  of  the  total  acid  with 
caustic  potash,  add  100  cc.  of  a  mixtiu'e  of  alcohol  and  ether,  and 
aUow  to  crystallise  for  48  hours ;  all  tartaric  acid  will  have  separated 
in  the  form  of  bitartrate  of  potash.  The  difference  between  this 
estimation  and  that  of  the  bitartrate  of  potash,  existing  naturally  in 
the  wine,  gives  the  amount  of  ii-ee  tartaric  acid,  as  acid  tartrate  ot 
potash.  The  total  amount  of  acid  is  either  ascertained  from  the 
weighed  quantity  of  bitartrate  obtained ;  or  the  potash  salt  may  be 
dissolved  upon  the  filter  with  boiling  water,  after  having  been  washed 
with  the  mixture  of  alcohol  and  ether.  The  acidity  of  the  solution  is 
to  be  determined  by  the  standard  soda  solution.  This  gives  the 
amount  of  the  half-combined  tartaric  acid,  and  this  again  doubled 
furnishes  the  total  tartaric  acid.  A  correction  should  be  made  lor  the 
solubility  of  the  bitartrate  of  potash  in  the  solution  employed,  namely, 
0'02  per  cent,  of  bitartrate  in  the  wine.  The  above  method  gives 
results  in  most  cases  of  sufficient  accuracy  for  practical  purposes, 
except  where  the  amount  of  tai-taric  acid  falls  below  0'05  per  cent. 
In  this  case  neither  the  acidity  of  the  precipitate,  nor  of  the  alcoholiQ 
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mixture,  nor  of  the  wine  itself,  can  he  estimated  within  less  than  0"1 
cc.  of  standard  soda  solution.  Another  important  source  of  error  in 
the  case  of  sherries  and  other  plastered  wines,  is  the  presence  of  sulphate 
and  chloride  of  potash  in  the  wine,  hoth  of  which  are  decomposed  hy 
tartaric  acid  on  the  addition  of  alcohol-ether ;  the  tartaric  acid  combines 
with  the  potash,  the  sulphuric  acid  heing  set  free.  A  higher  amount 
of  bitartrate  of  potash  than  is  natm'aUy  present  in  the  wine  is  obtained 
in  such  cases. 

Estimation  of  Malic  Acid. 

A  measured  quantity  of  the  wine  (from  50  to  100  cc.)  is  rendered 
alkaline  by  means  of  lime-water,  which  precipitates  the  phosphoric  and 
tartaric  acids  as  lime  salts.  The  liquid  is  to  be  filtered,  and  to  the 
concentrated  filtrate  strong  alcohol  added,  whereby  the  malic  acid  is 
precipitated  as  malate  of  lime,  together  with  some  sulphate  of  Imie. 
The  precipitate  is  collected  upon  a  weighed  filter,  dried  at  120°0.  a,nd 
weighed.  The  sulphuric  acid  may  now  be  estimated  in  it  by  dissolving 
in  strong  hydrochloric  acid,  and  precipitating  with  chloride  of  barium, 
as  has  been  more  than  once  described.  But  it  will  be  more  convenient 
and  quicker,  to  incinerate  the  precipitate  without  weighing,  and  to 
estimate  the  amount  of  carbonate  of  lime  formed  from  the  malate  of 
lime  by  the  standard  acid  mentioned  under  '  Ash  of  Wine.'  One  part 
of  carbonate  of  lime  is  equal  to  1  -72  parts  of  malate  of  lime,  C^H^CaO^, 
or  1'34  parts  of  malic  acid,  O^HgOj. 

Determination  of  Tannic  Acid. 
The  presence  of  tannic  acid,  and  some  idea  of  the  quantity  con- 
tained in  any  wine,  may  be  formed  by  the  black  or  inky  colour  pro- 
duced on  the  addition  of  a  persalt  of  iron  and  acetate  of  potash ;  the 
use  of  the  latter  reagent,  whereby  tartrate  of  potash  and  acetic  acid  are 
formed,  is  rendered  necessary  because  the  black  colour  is  not  readUy 
yielded  in  the  presence  of  free  tartaric  or  malic  acids,  but  a  little  fi-ee 
acetic  acid  does  not  mterfere  with  the  reaction.  Wines  contaming  as 
little  as  0-005  per  cent,  of  tannic  acid  furnish  a  very  marked  result, 
and  it  woidd  be  quite  easy  to  frame  a  quantitative  u-on  colour  test 
which  would  furnish  results  of  considerable  accm-acy. 

Another  colour  test,  nearly  equal  in  delicacy  to  the  precedmg,  is 
furnished  by  a  stiongly  ammoniacal  solution  of  ferricyanide  ot  potas- 
sium If  a  few  drops  of  such  a  solution  be  added  to  a  solution  ot 
tannic  acid,  or  to  a  wine  containing  that  acid,  a  deep  blood-red 
coloration  takes  place,  the  depth  of  which  is  proportionate  to  the 
amount  of  tannin  piesent.  The  red  coloration  is  also  produced  by 
this  test  which  is  more  applicable  to  white  than  red  wines,  m  solutions 
of  gallic  acid,  which,  however,  does  not  usually  occiu-  in  wine. 

Another  process  is  the  well-k-nown  gelatin  process.  A  standard 
solution  of  gelatin,  or  gelatin  and  alum,  is  prepared  ;  the  amount  ot 
Wn  being  deduced  from  the  quantity  of  the  solution  used,  or,  when 
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o-elatin  alone  is  eiuployed,  from  the  weight  of  the  dried  precipitate. 
It  is  unfortuuate,  however,  that  a  less  quantity  of  gelatin  than  0'06 
per  cent,  is  not  determinable  in  this  manner.  There  are  few  white 
wines  with  which  solution  of  gelatin  does  not  give  rise  to  a  slight 
cloudiness,  hut  in  red  wines  an  abundant  precipitate  is  produced,  con- 
sistino-  in  part  of  coloming  matter.  One  of  the  great  difficulties  of 
usino-'^the  gelatin  test  volumeti-ically  is  to  determine  the  point  of 
saturation  ;''in  this  particular  either  the  iron  or  femcyanide  of  potassium 
may  be  applied,  so  as  to  afford  help.  Another  difficulty  consists  m  the 
impossibility  of  separating  from  the  wine  the  compound  of  tannin 
and  gelatin  formed;  this  maybe  in  part  overcome  by  the  use  of  special 
filtering  arrangements,  as  by  the  apparatus  suggested  by  Mr.  Estcourt 
(see  '  Chemical  News,'  No.  745).  One  hundred  parts  of  gelatin  give, 
with  gallotannic  acid,  134  to  135-6  of  the  compound. 

Faure  found  the  following  quantities  of  tannin  in  certain  wines  by 
means  of  a  standard  gelatin  solution  :  — 

Gelatin  Solution  required  by  100  Parts  of  fVine. 

Castillon     .       .      .  6-0  cc.     1  cc.  =  0-0 10  gramme  of  tannin. 

Fronsac       ...  4-8  cc. 

Sauterne      ...  4-0  cc. 

Bai-sac  ....  4-6  cc. 

Carbonnieux        .       .  6'0  cc. 

Chateau  Lafitte    .      .  10-1  cc. 

„       Margaux        .  9-3  cc. 

Latour  ....  13-3  cc. 

Giscourp      .       .      .  12-3  cc. 

St.  Estephe  .      .       .  7-0  cc. 

In  a  solution  of  gelatin  and  water,  as  little  as  0'04  hundredths  per 
cent,  may  be  detei-mined  quantitatively  ;  but  in  wine,  as  we  have  stated, 
not  less  than  0-06.  This  arises  from  the  fact  that  the  gelatin  preci- 
pitate is,  to  some  extent,  soluble  in  the  wine. 

'  Detection  of  Hacemic  Acid. 

Racemic  or  paratartaric  acid  is  obtained  usually  from  cmde  tartar. 
The  mother-liquor  is  treated  vnth  chalk,  the  insoluble  tartrate  and 
racemate  of  lime  are  thrown  down  and  separated.  These  are  next 
treated  with  sulphuric  acid,  whereby  the  tartaric  and  racemic  acids 
are  liberated ;  the  latter,  when  exposed  to  the  air,  crystallises,  the 
crystals  of  the  former  being  distinguished  by  their  transparency,  and 
those  of  the  latter  by  their  efflorescence. 

Racemic  acid  is  less  soluble  in  water  and  alcohol  than  tartaric  acid  ; 
one  part  of  acid  requires  5-7  parts  of  water  at  15°  0.  and  4'8  of  alcohol. 
It  gives  a  precipitate  with  sulphate  of  lime,  which  tartaric  acid  does 
not ;  then,  again,  tartrate  of  lime  is  soluble  in  acetic  acid,  but  the 
racemate  of  the  same  base  is  insoluble.  It  crystallises  in  double 
oblique  rhombic  prisms  without  hemihedric  faces.  Racemic  acid  has 
no  action  on  polarised  light. 
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Detection  of  Succinic  Acid.  ^ 
Half  a  litre  of  wine  is  shaken  up  with  40  grammes  of  animal 
charcoal,  aud  after  decolorisation  the  charcoal  is  to  he  well  washed 
with  cold  water.  The  liltrate  and  washings  are  to  he  evaporated 
on  a  water-hath,  nearly  to  dryness,  the  drying  heing  finished  under 
the  air-pump.  The  residue  is  then  to  he  ti-eated  repeatedly  with 
one  part  of  alcohol  of  from  90  to  92  per  cent,  strength,  aud  two 
and  a  half  parts  of  ether.  The  solution  is  evaporated,  the  residue 
exactly  neutralised  with  lime-water,  and  again  evaporated  to  di-yness 
on  a  water-hath;  the  glycerin  is  then  extracted  with  a  mLxture  of 
ether  and  alcohol.  The  residuimi  is  chiefly  succinate  of  calcium,  which 
may  he  ohtained  in  nearly  a  pm'e  state  hy  exti-action  with  alcohol 
containing  89  per  cent,  of  spirit. 

Succinic  acid  is  soluhle  in  5  parts  of  water  at  16°  0.  and  in  of 
boiling  water :  it  is  rather  less  soluhle  in  alcohol,  slightly  soluble  in 
ether  ;  sublimates  at  140°,  melts  at  180°,  and  boils  at  235°  0. ;  it  may 
be  heated  with  nitric,  hydrochloric,  aud  sulphuric  acids,  aud  aqueous 
solutiou  of  chromic  acid  without  decomposition.  The  salts  of  the 
alkalies  are  soluble,  those  of  the  alkaline  earths  are  insoluble,  or  with 
difficulty  soluble  in  water.  A  solution  of  a  neutral  succinate  of  an 
alkali  gives  with  a  neutral  solution  of  a  ferric  salt  a  gelatinous  red- 
brown'^precipitate  of  basic  succinate  of  iron.  It  crystallises  in  rhombic 
or  six-sided  plates  or  prisms. 

Detection  of  Formic  Acid. 
Distil  the  wine  ;  neuti-alise  the  distillate  with  ammonia,  evaporate 
to  di-yness,  dissolve  the  residue  in  water,  add  a  drop  of  nitrate  of  silver, 
and  boil.  If  formic  acid  be  present,  a  thickish  browu  precipitate  ot 
metallic  silver  will  be  produced.  Should  the  quantity'  of  formic  acid 
present  be  veiy  small,  the  greater  part  of  the  acetic  acid  must  be 
removed  by  fractional  distillation. 

Estimation  of  Ethers  in  Wine. 
Wine  contains  two  classes  of  ethers— volatile  and  fixed.  The  ethers 
are  oroanic  salts,  and  are  decomposed  by  solution  of  caustic  potash 
into  alcohol  and  a  salt  of  potash,  acetate,  propionate,  or  tartrate,  as 

the  case  may  be.  ,         j  i    j-  ^-n  4.- 

The  volatile  ethers  are  first  separated  from  the  fixed  by  distiUation. 
250  cc  are  to  be  taken  aud  about  200  cc.  distilled  over.  The  tree  acid  • 
in  the  distillate  is  then  exactly  neutralised  by  means  of  soda  solution 
and  a  measm-ed  quantity  of  standard  soda  solution  added  to  the  liquid, 
which  is  introduced  into  a  fiask,  and  is  then  closed  with  a  well-fatting 
coi-kand  heated  for  one  or  two  hours.  The  ethers  are  decomposed, 
and  some  of  the  caustic  soda  neutraUsed  by  the  acids  of  the  ethers. 
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The  remaining  caustic  soda  is  estimated  by  means  of  standard  snlphuric 
acid  solution,  and  the  amount  of  soda  which  was  first  neutralised  is 
calculated  for  acetic  ether,  which  is  the  chief  of  the  volatile  ethers. 

The^.i-ef/  ethers  are  estimated  by  a  similar  process,  but  the  presence 
of  the  organic  nitrogenous  matters  makes  the  estimation  more  difficult, 
since  the  action  of  the  caustic  soda  upon  these  substances  produces 
large  quantities  of  free  ammonia.  500  cc.  of  the  wine  are  evaporated 
to  a  small  bulk,  rendered  alkahne  with  soda  solution,  heated  in  a 
stoppered  flask,  and  finally  distilled.  The  distillate  contains  much  free 
ammonia  and  a  small  quantity  of  alcohol  formed  from  the  organic 
ethers.  Sulphuric  acid  is  added  to  the  distillate  to  neutralise  the 
ammonia,  and  the  liquid  distilled  again.  Pure  dilute  alcohol  passes 
over,  the  strength  of  which  is  to  be  estimated  as  described  nnder 
'  Alcohol.'  Of  course  only  an  extremely  diluted  alcohol  is  obtained, 
since  the  amoimt  of  fixed  ethers  is  very  small.  The  amount  of  alcohol 
obtained  is  calculated  for  tartaric  ether,  the  chief  coustitnent  of  the 
fixed  ethers.  Thudichum  and  Dupre  convert  the  alcohol  obtained  into 
acetic  acid  by  oxidising  agents,  and  estimate  the  acetic  acid,  which 
can  be  done  alkalimetrically  with  much  greater  accuracy  than  the 
estimation  of  the  alcohol  contained  in  an  extremely  diluted  sj)irit. 

Berthelot's  formula. — According  to  Berth  elot,  the  quantity  of  ethers 
found  in  any  matured  wine  stands  always  in  a  certain  fixed  relation  to 
the  amounts  of  alcohol  and  acid  present,  and  he  gives  the  following- 
formula  for  the  estimation  of  the  ethers. 

The  alcohol  and  the  aciditj'  are  to  be  first  determined,  the  latter 
being  calculated  as  acetic  acid.  A,  the  amount  by  weight  of  alcohol 
found ;  B,  the  proportion  of  alcohol  per  thousand,  which  corresponds  to 
the  total  fi'ee  acid  found,  46  parts  of  alcohol  representing  60  parts  of 
acetic  acid.  By  multiplying  A  by  1'17  and  adding  2'8,  we  obtain  a 
figure  representing  the  proportion  per  cent,  of  the  alcohol  deduced  from 
the  acid  found,  which  is  present  in  the  wine  as  ether  and  which  we 
wiU  call  C.  Then  B,  multiplied  by  0  and  divided  by  100,  gives  the 
quantity  of  alcohol  present  as  ethers  in  1,000  parts  of  wine. 

Suppose  a  sherry  to  contain  18  per  cent,  of  alcohol  by  weight  and 
0-4  per  cent,  of  acid  calculated  as  acetic  acid,  then 

C=18xl-17+2-8=23-86 

0"4  per  cent,  of  acetic  acid  con-esponds  to  2"9  per  thousand  of  alcohol, 
and  23-86  x  2-9  and  divided  by  100  =  00-69  per  thousand  parts  of 
wine. 

The  Determination  of  the  Alhmninous  Matte): 

If  to  well-fermented  white  -wines  a  little  chlorine  water  be  added, 
the  wine  will  remain  clear ;  if  this  addition  be  made  to  new  white 
"wines  and  most  red  \vine8,  a  flocculent  precipitate  -will  appear,  con- 
sisting of  a  compound  of  chlorine  and  albumen,  and  which  may  be 
collected  on  a  filter,  dried,  and  weighed. 
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In  those  wines,  however,  in  which  no  precipitate  appears  on  the 
addition  of  chlorine  water,  it  is  not  to  be  inferred  that  albumen  is 
absent,  for  in  such  cases  a  certain  amount  of  that  substance  will  be 
detected,  either  by  combustion  or  by  the  process  of  WanHyn  and 
Chapman,  de\Tised  for  the  determination  of  the  albuminoid  ammonia 
present  in  potable  water.  This  process  has  been  described  in  detail  in 
the  article  on  '  Water,'  but  we  will  here  give  a  very  brief  outline  of  it 
as  applied  to  wine. 

Ten  cubic  centimetres  of  wine  and  2  grammes  of  carbonate  of  soda 
are  added  to  about  1 ,000  cc.  of  pure  distilled  water,  entirely  free,  as 
previously  ascertained,  from  ammonia;  about  one-third  of  the  mixture 
is  distille'd  ofl",  and  the  ammonia  estimated  in  the  distillate  by  Nessler's 
test.    This  proceeding  gives  the  free  ammonia  in  the  wine. 

To  the  remaining  contents  of  the  flask  are  now  added  2  grammes  of 
pure  permanganate  of  potassium,  and  10  gi-ammes  of  hydrate  of  potash 
previously  dissolved  in  boiled  water,  to  make  siu-e  of  the  absence  of 
any  free  ammonia.  Distillation  is  then  recommenced.  This  ti'eatment 
occasions  the  decomposition  of  the  albimien  and  the  formation  of  am- 
monia. 

About  one-half  or  two-thirds  of  the  mixture  are  distilled  over,  and 
the  ammonia  estimated  either  by  Nessler's  test  or  by  titration  with  a 
standard  solution  of  sulphuric  acid.  The  amount  of  ammonia  multi- 
plied by  10,  Wanklyn  and  Chapman's  formula,  gives  the  quantity  of 
albuminoid  substance  in  10  cc.  of  wine,  or  multiplied  by  100,  the 
percentage  of  albuminous  matter  in  the  wine. 

The  amount  of  nitrogen  met  with  by  Mulder,  in  certain  wines,  was 
as  follows : — 

Name.  Nitrogen. 
Benicarlo   0-020  per  cent. 


Eoussilloa  . 
St.  George  . 
Narbonne  . 
White  Cotes 
Old  Burgundy  Pommard 


0-U29 
0-020 
0-021 
0-023 
0-040 


The  above  quantities  of  nitrogen  are  made  up  of  the  nitrogen  of  the 
ammonia  of  the  wine,  of  that  of  the  ferment,  and  lastly  of  the  albiuuen 
proper.  That  from  the  ammonia  may,  as  we  have  seen,  be  separately 
estimated,  and  its  amount  deducted.  , 

Thudichum  and  Dupre  found  the  foUowing  quantities  ot  albu- 
minous matter  in  the  wines  specified  below,  as  estimated  by  Wanklyn 
and  Chapman's  process : — 

Ingelheimer  (red) 

Port,  1851  

Sherry,  thirty  years  in  bottle  . 

M  adeira  

Niersteiner   a  nro- 

Naturalport  

Port.  1866   O-l'^O 


0-373 

0-0888 

0-1807 

0-1581 

0-355 


per  cent. 
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Lastly,  in  twenty-five  wines,  chiefly  shen-ies  recently  analyzed  by 
the  author,  he  found  by  the  conabustion  process  the  following  quantities 


ot  nitrogen : — 

Old  brown  sherry 
Santiago 
Finest  Montilla 
Amontillado 
Manzaiiilla 
jVLuvala . 
Madeira. 

Cadiz  sherry 
Sherry  . 


Per  cmt. 

.  0-030 

.  0-024 

.  0-025 

.  0-020 

.  0-028 

.  0-039 

.  0-022 

.  0-018 

.  0-025 

.  0-022 

.  0-023 

.  0027 

.  0-017 


Public-house  sherry 


Hambro'  sherries 


Per  cent. 

.  0-029 

.  0-027 

.  0-020 
0-0-28 

.  0018 

.  0-022 

.  0-010 

.  0-017 

.  0-017 

.  0-015 

.  0-014 

.  0-016 


Restaurant  sherry . 

We  have  dwelt  thus  fuUy  on  the  presence  and  determination  of  al- 
'  bumiuous  matter  in  wine,  because  of  the  practical  importance  attached 
■  to  the  enquii-y,  as  the  amount  present  sometimes  enables  us  to  declare, 
:  as  in  the  case  of  Hambro'  sherry,  whether  a  wine  is  adulterated  or  not. 

Again,  excess  of  albumen  in  wine  frequently  causes  it  to  spoil, 
'.  helps  the  conversion  of  alcohol  into  acetic  acid,  and  conduces  to  the 
!  generation  of  the  fungus  which  forms  mould  in  wine. 

Determination  of  Ammonia. 

A  given  quantity  of  the  wine,  say  100  cc,  is  taken,  and  twice  the 
I  quantity  of  water  added ;  one-third  of  this  is  distilled  off,  the  residue 
;  in  the  retort  is  made  slightly  alkaline  with  carbonate  of  soda ;  and 
:  another  third  is  distilled  oif  into  a  second  receiver.    The  object  of  the 
first  distillation  is  the  removal  of  the  greater  part  of  the  alcohol  and 
volatile  acid.    The  ammonia  is  estimated  in  the  second  distillate  either 
by  titration  with  sulphuric  acid  or  by  Nessler's  process.    It  is  necessary 
to  be  watchful  to  ascertain  that  the  wine  does  not  become  acid  during 
the  distillation. 

Determination  of  the  Colouring  Matter  of  Red  Wine. 

^lulder's  process  for  isolating  the  colouring  matter  of  red  wine  is 
;  as  follows : — 

Acetate  of  lead  is  added  to  the  wine  so  long  as  any  precipitate  is 
thrown  down  ;  this  is  collected  on  a  filter  and  washed  until  the  water 
ceases  to  be  acid :  the  filtrate  is  of  a  pale  violet  colour,  but  becomes 
colourless  as  soon  as  the  acid  reaction  disappears.  The  precipitate, 
suspended  in  wnter,  is  now  subjected  to  the  action  of  sulphu- 
retted hydrogen ;  this  removes  all  but  a  trace  of  the  lead  ;  it  is  again 
collected  and  washed,  the  filtrate  being  of  a  red  colour  so  long  as  it 
retains  its  acid  reaction. 

The  bluish-black  mass  thus  obtained,  a  mixture  of  sulphide  of  lead 
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and  colouring  matter,  is  now  boiled  with  wa,ter  to  remove  extractive 
matters— tartaric  acid,  sugar,  gum_,  &c.,  and  is  then  exhausted  with  a 
mixture  of  alcohol  and  acetic  acid,  the  tincture  being  of  a  beautiful 
red  colour ;  this  tincture  is  then  evaporated  ;  it  is  at  first  red,  but  as 
evaporation  proceeds,  violet,  and  lastly,  when  but  little  acetic  acid  re- 
mains of  a  siugularly  beautiful  blue.  The  liquid  is  now  evaporated  to 
drvness  the  fat  extracted  with  ether,  and  the  last  trace  of  lead  with 
acetic  acid ;  what  then  remains  consists  of  the  colouring  matter  in 
a  perfectly  pure  state. 

Estimation  of  the  Mineral  Matter. 

Evaporate  in  a  platinum  dish  a  measured  quantity  of  wine — 50  cc. 
are  commonly  sufficient.  The  residue  is  then  to  be  incinerated  and 
the  ash  weighed.  The  incineration  is  often  a  very  slow  and  tedious 
process,  since  the  organic  matters  burn  only  with  very  gi-eat  difficulty, 
and  the  temperature  must  not  be  too  high,  in  order  to  avoid  loss  by 
the  volatilisation  of  the  salts  of  potash.  The  salts  of  tartaric  and 
malic  acids  are  converted  by  the  incineration  into  carbonates,  which 
o-ive  a  very  good  measure  of  the  quantity  of  those  salts.  A  standard 
sulphuric  acid  solution,  which  contains  in  1,000  cc.  one-half  equiva- 
lent of  anhvdrous  sulphuric  acid  (40  grms.),  is  now  dropped  upon  the 
moistened  ash,  till  the  reaction  is  exactly  neutral.  The  results  are 
most  conveniently  calcidated  for  caustic  potash  or  tartrate  of  potash, 
notwithstanding  that  a  good  quantity  of  carbonate  of  lime  is  present 
in  the  ash,  but  this  is  derived  from  tartrate  or  malate  of  lime.  If 
necessary,  the  soluble  carbonates  may  be  separated  from  the  lime  and 
magnesia' salts  by  means  of  boiling  water,  and  both  separately  esti- 
mated. 

Estimation  of  Phosjjhonc  Acid. 
The  phosphoric  acid  may  either  be  directly  precipitated  from  the 
wine  by  the  method  we  are  just  going  to  describe,  or  better,  the  wine 
is  first  evaporated,  incinerated,  and  the  ash  boiled  with  niti-ic  acid  to 
dissolve  the  phosphates.  In  either  case,  the  bulk  of  the  liquid  should 
be  as  small  as  possible,  not  amounting  to  more  than  20  cc. ;  100  to 
900  cc  of  wine  should  be  employed.  Add  to  the  evaporated  wine,  or 
to  the  solution  of  the  ash,  a  solution  of  molybdate  of  ammonia  in  nitric 
acid  in  excess,  and  keep  the  mixture  for  some  hours  at  a  temperature 
not  exceeding  50°  C.  AU  phosphoric  acid  is  precipitated  as  yellow 
crvstalline  phospho-molybdate  of  ammonia,  mixed  with  variable  quanti- 
ties of  molvbdanic  acid.  The  precipitate  cannot  therefore  be  directly 
weio-hed  It  is  washed  with  some  molvbdate  of  ammonia,  dissolved  in 
dilute  ammonia;  and  the  alkaline  solution,  which  contains  now  all  the 
phosphoric  acid  present  in  the  wine,  precipitated  with  a  solution  of 
chloride  of  mairnesium.  The  precipitate  consists  of  phosphate  ot  ammo- 
nia and  mao-nesia.    It  is  filtered  after  some  hours'  standing  in  the  cold, 
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washed  with  dihite  ammonia,  incinerated  and  weighed.  One  hundred 
parts  of  it  contain  63-96  parts  of  phosphoric  acid.  For  further  details 
of  the  method,  which  requires  great  care,  a  work  on  analytical  chemis- 
try, as  Fresenius's  '  Quantitative  Analysis,'  may  be  consulted. 

Estimation  of  Sulphuric  Acid. 
From  50  to  100  cc.  of  wine  are  rendered  acid  hy  piu-e  hydrochloric 
acid,  heated  to  hoiling,  and  chloride  of  barium  added  to  the  boiling 
liquid.    Immediately  a  white  precipitate  of  sulphate  of  barium  is 
formed,  which  settles  very  easily  after  some  minutes'  boiling.    If  the 
I  chloride  of  barium  be  added  to  "the  cold  liquid,  the  sulphate  of  barium 
!  faUs  down  as  a  very  fine  powder,  which  always  passes  thi'ough  the 
•  pores  of  the  filter-paper.     It  is  separated  by  filtration,  well  washed 

■  with  hot  water,  incinerated,  and  weighed ;  100  parts  of  it  contain  34-335 
:  parts  of  anhydrous  sulphm-ic  acid  (SO3),  or  42-49  parts  of  H2SO4. 

Estimation  of  Cldorine. 

Take  100  cc.  of  the  wine,  render  them  acid  with  pure  nitric  acid, 
t  and  add  nitrate  of  silver  solution.    Chloride  of  silver  is  precipitated, 
I  especially  after  agitation  of  the  liquid.    It  is  to  be  separated  by 
filtration,  di-ied,  incinerated,  and  weighed  in  a  porcelain  crucible.  The 

■  precipitate  should  be  separated  from  the  filter-paper  as  cleanly  as 

■  possible,  since  the  organic  matter  of  the  paper  reduces  the  chloride 
t  to  metallic  silver  ;  100  parts  of  the  precipitate  contain  24-724  parts  of 
1  chlorine. 

Determination  of  the  Total  Solids. 

It  might  be  supposed  that  the  determination  of  the  total  solid  mat- 
I  ters  contained  in  a  wine  was  a  very  simple  and  easy  operation,  and  one 
which  might  be  made  to  yield  accurate  results.    It  will  be  seen  that 
i  any  such  conclusion  would  be  erroneous. 

'  Two  methods  are  usually  employed — one,  which  may  be  termed 

■  the  direct  method,  consists  in  the  evaporation  of  a  given  quantity  of 

■  wine,  say  10  cc,  on  a  water-bath,  dicing  it  till  it  ceases  to  lose  weight, 
i  and  weighing.    Now,  the  fault  of  this  method  is  that,  however  care- 
fully the  evaporation  may  be  conducted,  the  sugar,  dextrin,  and  cer- 

■  tain  of  the  extractive  matters  become  more  or  less  changed,  chemically 
1  and  physically,  irom  the  heat  to  which  they  are  subjected. 

Still,  this  process,  though  not  exact,  furnishes  valuable  com- 

■  parative  results.  Messrs.  Thudichum  and  Dupre  state  that  by  this 
I  method  they  have  found  in  a  number  of  analyses  of  wine  rich  in  sugar 
I  more  sugar  than  the  total  amount  of  solids  found  ;  but  this  is  in  part 
t  explained  by  the  fact  that  they  dried  the  residue  at  a  temperature  of 

110°  C. 

The  second,  or  indirect  method,  is  one  which  is  also  very  easily 
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performed,  and  wWch,  on  the  -whole,  yields  results  of  a  more  satisfac-  x 
torv  character  than  the  first  process. 

"a  given  quantitj'  of  the  wine  is  first  freed  hy  evaporation,  or,  better 
still  hy  distillation,  from  its  alcohol ;  the  remaining  liquid  containing 
the  'solids  is  now  made  up  with  water  to  its  original  bulk,  and  its 
specific  gravity  taken.  The  gravity  thus  found  will  con-espond  with 
the  amount  of  solids  specified  in  the  following  table  of  Balling  :— 


Sugar  Table  {Temperature,  17*5°  C.) 


Specific 
gravity. 


Per- 
ceut;ige. 


1-0040 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0050 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0060 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0070 
1 
2 
8 
4 
5 
6 
7 
8 
9 


Specific 
'gi-avity. 


1-004 
-029 
-064 
•080 
•105 
•130 
•155 
•180 
•206 
•231 
1^256 
•281 
•307 
•332 
•358 
•383 
•408 
•434 
-459 
•485 
1-509 
•534 
-560 
•585 
•610 
•635 
-661 
•686 
•711 
•737 
1-762 
-787 
•813 
•838 
•864 
•889 
•914 
•940 
-965 
-991 


1-0080 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0090 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0100 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0110 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Per- 

Specific 
graTity.  c 

jrer- 

Per- 

ejitage. 

gravity,  c 

entage. 

2-016 

1^0120 

3^036 

1-0160 

4-064 

•041 

1 

•062 

1 

-090 

•067 

2 

•087 

2 

•116 

•092 

3 

•113 

3 

•141 

•118 

4 

•138 

4 

•167 

•143 

5 

•164 

5 

•193 

•168 

6 

•190 

6 

•219 

•194 

7 

•215 

7 

•245 

•91 Q 

g 

•241 

8 

•270 

•245 

9 

■266 

9 

•296 

2'270 

i-oiso 

3-292 

1-0170 

4^322 

\ 

•318 

1 

•347 

•321 

2 

•343 

2 

•374 

3 

■369 

3 

•400 

.070 

4 

•395 

4 

-426 

oy  ( 

5 

•420 

5 

•451 

•4.9 

6 

•446 

6 

•477 

•44.  S 

7 

•472 

.  7 

•503 

•474 

Q 
0 

•498 

8 

•529 

9 

•523 

9 

•555 

1'0140 

3^549 

1-0180 

4-581 

•550 

1 

•575 

1 

•607 

•576 

2 

•600 

2 

•633 

•601 

3 

•626 

3 

•659 

•627 

4 

•652 

4 

•685 

•652 

5 

-677 

5 

•710 

•678 

6 

-703 

6 

•736 

•703 

7 

•729 

n 
i 

•762 

•729 

8 

•755 

8 

•788 

•754 

9 

•780 

9 

-814 

2-780 

1^0150 

3-806 

1-0190 

4-840 

•805 

1 

•832 

1 

•866 

-831 

2 

•858 

2 

•892 

•856 

3 

•883 

3 

•918 

•882 

4 

•909 

4 

•944 

•908 

5 

•935 

5 

•970 

•934 

6 

-961 

6 

-996 

•959 

7 

987 

7 

5-022 

•985 

8 

4-012 

8 

-048 

S^OIO 

9 

-038 

9 

5-074 
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Specific 
Gravity. 

Per- 
centage. 

Specific 
Gravity. 

Per- 
centage. 

Specific 
Gra^'^ty, 

Per- 
centage. 

Specific 
Gravity. 

Per- 
centage. 

1-0200 

6-100 

1^0213 

•438 

1^0226 

•778 

1-0239 

•118 

1 

•126 

4 

•464 

7 

•804 

1^0240 

6-144 

2 

•152 

5 

•490 

8 

•830 

1 

-170 

3 

•178 

6 

•517 

9 

•856 

2 

•196 

4 

•204 

7 

•543 

1-0230 

5^882 

3 

•223 

5 

•230 

8 

•669 

1 

•908 

4 

•249 

6 

"200 

oyo 

Z 

c 
0 

Z/D 

7 

•282 

1^0220 

5-621 

3 

•961 

6 

•301 

8 

-308 

1 

•647 

4 

•987 

7 

•327 

9 

•334 

2 

-G73 

6 

6^013 

8 

•354 

1-0210 

3 

-699 

6 

-039 

9 

•380 

1 

•386 

4 

•725 

i 

-065 

1-0250 

6^406 

2 

•412 

5 

•751 

8 

•092 

This  table  is  based  upon  the  gravity  of  beer  worts,  biit  it  is  found 
to  answer  well  for  wine,  an  allowance  or  deduction  being  made  for  the 
greater  weight  of  the  aah  in  the  latter ;  in  fact,  the  whole  of  the  ash 
ibund  should  be  deducted,  since  the  amount  of  the  extract,  minus  the 
ash,  is  required.  In  weak  thin  wines,  containing  but  little  ash,  the 
deduction  is  not  usually  of  much  importance,  but  as,  in  some  wines, 
the  ash  amounts  to  as  much  as  half  a  per  cent.,  the  error  would  be 
considerable  if  the  deduction  were  not  made. 

The  following  total  residues,  minus  ash,  obtained  by  the  two 
methods,  are  from  Thudichimi  and  Dupr^'s  treatise : — 

1st  method.      2nd  method.       Sugar  per  cent. 
Marsala        .      .      ,      .        4-132      .      5-780       .  4-70 

Port   4-632      .      6-909       .  5-26 

Lachryma  Christi .      .      .      24-262      .     32  022       .  26-784 

THE  ADULTBEATIONS  OF  WIOT!. 

Wine,  as  might  be  supposed,  and  as  is  well  known,  is  very  liable 
to  adulteration,  and  this  in  a  gi-eat  variety  of  ways. 

The  practice  begins  with  the  very  must  itself,  and  may  be  said  not 
to  end  in  many  cases  imtil  the  wine  reaches  the  consumer" 

The  composition  and  quality  of  the  must  vary  of  course  with  many 
circumstances — the  kind  of  grape,  the  season,  and  especially  witli  the 
degree  of  ripeness  of  the  fruit.  Some  musts,  as  those  derived  from 
weU-ripened  grapes,  are  often  particularly  rich  in  sugar.  Others  again, 
from  unripe  grapes,  yield  a  must  in  which  acids  predominate. 

Dilution  and  Sioeetcning  of  the  Must. 

Now  it  has  occurred  to  certain  ingenious  gentlemen  to  subject  both 
the  rich  and  the  sour  musts  to  special  treatment.  Thus  M.  Petiot  recom- 
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mends  an  addition  of  water  to  must  wliich  abounds  in  sugar,  and  he  lias 
elaborated  his  method  into  a  system,  which  has  even  been  named  after 
him,  and  the  wine  thus  manipulated  is  distinguished  by  the  appellation 
of  '  Petiotised '  wine.  On  the  other  hand,  M.  Gall  recommends  an 
addition  of  sugar  to  poor  musts ;  to  the  sour  musts  he  adds  water 
to  reduce  the  acidity,  and  then  sugar  to  make  up  for  the  deficiency 
occasioned  by  the  addition  of  the  water.  This  method  too  has  served 
to  immortalise  the  author,  and  such  wine  is  known  in  Germany  as 
'  Gallisirter '  wine. 

Hin-h  are  the  eulogiums  passed  upon  the  wines  produced  from 
must  so  treated,  and  some  enthusiastic  writers  woidd  lead  us  to  believe 
that  they  are  far  superior  to  the  wines  the  produce  solely  of  the  jidce 
.of  grapes. 

Thus  Petiot  obtained  by  repeated  pressure  and  dilution  from  a 
quantity  of  black  grapes,  which  should  have  yielded  only  60  hecto- 
litres of  wine,  by  the  aid  of  240  litres  of  sugar  solution  containing  18 
per  cent.,  90  hectolitres  of  white,  and  195  hectolitres  of  red  wine— in 
.all  300  hectolitres  of  what  Petiot  denominates  '  wine  in  the  full  sense 
of  the  word.' 

The  Petiotised  wine,  according  to  Thudichum  and  Dupre,  '  is  less 
acid  and  more  drinkable.  It  has  more  bouquet  than  the  wine  which  H 
Jias  been  made  from  the  grapes  dii-ectly.  It  has  an  extraordinary  ,  f 
power  of  lasting.'  .  n 

'  The  infusion  wines  resemble  natm-al  wines  m  all  essential  qua- 
lities. They  contain  aU  the  essential  ingredients  and  almost  in  the 
same  proportions  as  the  natural  product.  The  non-essential  ingre- 
dients, or  those  which  are  frequently  hurtful  to  the  natiu-al  wine,  are 
diminished  in  the  infused  wines  to  such  an  extent  that  their  absence 
is  a  favourable  circunistance.'— 7VtMf/ic/iMw  n?irf  Z>?tp-e. 

Of  course  the  amount  of  tartrate  of  potash  and  of  free  acid  is  less 
than  in  wines  made  from  imdiluted  must,  and  hence  in  this  respect  it  is 
.uro-ed  in  favom-  of  these  artificial  wines,  that  they  are  more  lilfe  oM 
wines  being  milder  to  the  taste  from  having  deposited  part  of  their 
tartar.'  But  they  also  contain  It  ss  mineral  matter  generally,  less  potash 
and  phosphoric  acid,  as  well  as  a  smaller  quantity  of  the  pecuhar 
flcids  of  the  wine,  malic  and  tartaric  acids. 

It  is  well  established  that  fermentation  ceases  in  a  hquid  which 
contains  16  per  cent,  of  alcohol  bv  weight,  corresponding  to  about  32 
per  cent,  of  sugar.  Now,  in  parts  of  Spain,  Italy,  Greece,  and 
Madeira,  the  must  fr-equentlv  contains  an  amount  of  sug-ar  equal  to 
2-4  per  cent,  of  alcohol,  and,  since  fermentation  ceases  above  ]b  per 
cent  of  course  much  of  the  sugar  in  such  rich  musts  will  remam  un- 
converted if  the  sugar  be  not  brought  down  by  dilution  with  water, 
and  this  fact  furnishes  one  argument  in  favour  of  the  adoption  in 
some  cases  of  Petiofs  method  ;  but  then  it  may  be  said  that  grapes 
which  fiu-nish  such  a  saccharine  juice  are  scarcely  fitted  tor  wine- 
making  at  all,  and  that  they  correspond  rather  to  raisins  than  to  grapes 
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of  which  wines  are  usually  made — at  all  events,  if  wines  he  made 
from  such  grapes,  they  should  he  of  the  sweet  class,  such  as  Lunel  and 
some  of  the  sweet  Sauternes. 

Musts  which  contain  only  an  amoimt  of  sugar  equivalent  to  6  or  8 
per  cent,  of  alcohol,  are  hardly  rich  enough  for  making  wine,  hut  it 
must  he  remembered  that  grapes  contain  different  quantities  of  sugar 
according  to  their  degi-ee  of  ripeness,  and  hence  it  is  a  common  practice 
to  test  the  juice  from  time  to  time,  with  a  view  to  ascertain  the 
amoimt  of  sugar  contained  in  it,  and  so  to  regulate  the  period  of  the 
ingathering.  In  some  temperate  countries — as  the  Rheingau — the 
grapes  never  become  too  ripe,  and  are  therefore  allowed  to  hang  on  the 
vines  until  the  autumn  is  far  advanced. 

Megulation  of  the  Acidity  of  the  Must. 

An  important  part  of  the  process  of  Gall  consists  in  the  regulation 
of  the  amount  of  acid  in  the  must.  In  bad  years  the  grapes  are  so 
rich  in  acidity  that  the  wines  produced  from  them  are  too  sour  to  be 
agreeable  to  the  palate.  Five  parts  of  acid  in  one  thousand  of  wine  are 
contained  in  wines  of  good  quality  ;  in  som-  oues  often  as  much  as  fr'om 
15  to  18  per  thousand. 

Now  it  is  in  such  cases  that  the  process  of  Gall  comes  into  opera- 
tion ;  but  it  is  held  by  many  that  such  som'  must  is  not  fit  for  the 
manufactm-e  of  wine.  Still  we  would  say  of  this  process,  as  well  as 
of  that  of  Petiot,  that,  provided  the  -wanes  so  made  are  properly  dis^ 
tinguished,  as  by  the  names  of  the  authors  of  the  process,  there  are 
cases  in  which  the  wine  grower  is  justified  in  having  recom'se  to  them. 
Gall  depresses  the  acidity  of  all  must  to  0"5  per  cent.,  and  raises  the 
amount  of  sugar  to  20  per  cent.  Of  com'se,  therefore,  the  quantity  of 
wine  so  produced  is  greatest  the  som'er  the  original  must ;  this  to  us 
appears  to  be  a  radical  fault  of  the  method.  '  But  what  struck  the 
observer  as  most  remarkable  was  this  circumstance,  that  the  wine  was 
always  better  than  the  wine  from  the  same  sour  must  made  by  the 
ordinary  means.' — Thudichum  and  Dupre. 

In  the  case  of  over-acid  wines,  the  excess  of  acidity  is  in  some 
cases  got  rid  of  by  the  direct  addition  of  an  alkali,  such  as  carbonate  of 
lime  or  soda,  and  in  other  cases  by  the  addition  of  neutral  tartrate  of 
potash,  as  recommended  by  Liebig.  This  salt  combines  with  a  part 
of  the  free  tartaric  acid,  forming  acid  tartrate  of  potash,  which,  on 
account  of  its  comparative  insolubility,  separates. 

'  The  addition  of  the  carbonated  alkalies  or  of  chalk  alters  the 
bouquet  of  the  wine.' — Parkes. 

The  Colourinff  of  Wine. 

This  consists  of  two  different  processes,  the  one  applicable  to  cer- 
tain so-caUed  white  wines,  as  sherry,  Madeira,  and  wines  of  a  similar 
class ;  the  other  to  red  wines,  especially  port. 
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Tlie  coloration  of  sherry  and  other  analogous  wines  is  effected 
sometimes  by  the  direct  addition  of  sugar,  often  cane  sugar,  more  or 
less  caramelised,  hut  frequently  hy  the  addition  of  the  concentrated 
must,  obtained  by  evaporation  in  large  pans.  Part  of  the  sugar  of  the 
must  is  decomposed  by  the  heat,  particularly  at  the  margin  of  the 
pan  coloring  the  sugar  more  or  less  deep  brown.  The  syrup  thus 
obtained  is  added  to  vnne  until  the  required  shade  of  colour  is  ob- 
tained. Much  more  frequent,  however,  than  this  process  is  the  du-ect 
addition  of  caramel.  . 

The  colouring  of  red  wines  is  practised  on  an  extensive  scale. 
There  are,  in  fact,  several  kinds  of  wine,  especiaUy  port,  which  are  as 
a  rule  artificially  coloured.  Frequently  red  wines  are  manufactiu-ed  by 
dveino-  white  wines  with  some  vegetable  pigment.  Many  different 
plants"  producing  red  fruits  are  extensively  cultivated  solely  for  the 
purpose  of  exti-acting  their  colouring  matters,  which  serve  as  adulterants 
of  red  wines.  Black  cherries,  bilberries,  but  particulariy  elderbemes, 
serve  alike  for  this  purpose,  while  Brazilwood  or  logwood  is  largely 
employed.  Let  no  one  think  that  this  adulteration  is  carried  on 
secretly  ;  the  elder-ti-ee,  for  instance,  is  cultivated  in  Spain  and  Por- 
tugal on  a  large  scale,  and  immense  quantities  of  dried  elderberries 
are  exported  from  the  latter  countiy.  Spain  alone  imported,  m  18GC., 
145  000  Idlos,  while  large  quantities  were  sent  to  Brazil  and  h  ranee. 

An  article  is  extensivelv  used  for  the  coloration  of  red  wanes, 
termed  Jeroniga.  This  consists  usually  of  must,  often  more  or  less 
evaporated,  and  sometimes  partly  fermented,  brandy,  and  foreign  red 
colouring  matter,  for  the  most  part  that  of  elderberries  ;  but  another 
form  of  Jeropiga  is  made,  which  is  composed  of  the  same  ingredients, 
minus  the  red  dye,  and  this  is  added  to  wines  requiring  to  be  sweetened 

and  fortified.  .  n  j 

In  the  case  of  red  wines  the  colouring  matters  are  usuaUy  added  to 

the  grapes  diuing  crushing. 

The  Plastering  of  Wine. 

The  second  operation  to  which  the  must  or  juice  of  the  grape  is 
frequently  subjected  is  that  known  as  'Plastering.'  It  consists  m 
dustino-  over  the  must  a  considerable  quantity  of  bm-nt  gypsmn,  plaster 
of  Par?s,  or  sulphate  of  lime.  Sometimes  the  sulphate  of  ime  is  mixed 
with  a  proportion  of  chalk  or  carbonate  of  hme,  or  chalk  is  entirely 
substituted  for  the  plaster.  Parkes  states  that  the  substance  used  f^3r 
pilfering  consists  of  a  mixture  of  80  per  cen  .  of  sidphate  of  lime 
iTof  cafbonate  of  lime,  and  8  of  quicklime,  sulphide  and  chloride  of 
calciimi,  of  which  from  H  to  7  lbs.  is  used  to  one 

The  practice  is  a  very  ancient  one,  and  it  prevails  in  Spam,  For 
tugaLandthe  south  of  France-including  especiallv  Perpignan  and 
Languedoc-Greece,  and  probably  other  counti-ies ;  and  the  wines  more 
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particularly  subjected  to  this  process  are  sherry,  port,  aud  cei-tain 
French  and  Greek  wines. 

The  effect  of  the  addition  of  the  sulphate  of  lime  has  already  been 
explained,  and  it  consists  principally  in  the  removal  of  the  tartaric 
acid  in  combination  with  the  potash,  insoluble  tartrate  of  lime  being 
formed,  aud  a  soluble  bitter  and  aperient  salt,  sulphate  of  potash. 

When  chaUv  is  added  as  well  as  sulphate  of  lime,  a  portion  of  the 
free  tartaric  acid  is  likewise  thrown  down,  the  acidity  of  the  wine 
being  of  com'se  thereby  reduced. 

When  chalk  is  entirely  substituted  for  the  plaster,  not  only  is  the 
tartrate  of  lime  thrown  down  as  before  and  part  of  the  free  acid  either 
removed  or  neutralised,  but  there  is  no  formation  of  the  highly  objec- 
tionable sulphate  of  potash,  and  hence  it  would  appear  that  this  is  a 
preferable  mode  of  treating  the  must.  Indeed,  this  plan  has  been  spe- 
cially recommended  by  Mulder. 

Again,  it  must  be  remembered  that  the  addition  of  either  sulphate 
or  carbonate  of  Hme  occasions  the  conversion  of  the  soluble  phosphates 
iuto  phosphate  of  lime,  which  also  would  be  precipitated  if  the 
acidity  of  the  wine  were  not  considerable.  The  amount  of  malic  acid 
in  must  does  not  appear  to  have  been  determined  vrith  any  accuracy, 
so  that  the  effect  of  plastering  on  that  acid  has  not  been  ascertained. 
From  the  solubility  of  the  malate  of  lime  one  would  infer  that  it  was 
not  precipitated  from  the  must,  and  yet  the  slight  degTee  of  alkalinity 
of  the  ash  of  plastered  wines  woidd  appear  to  lead  to  a  contrary  con- 
cliision ;  we  must  bear  in  mind,  however,  that  in  the  ripe  grapes  most 
of  the  malic  acid  has  disappeared.  But  we  believe  that  good  must  re- 
quires no  such  treatment,  nor  is  it  very  easy  to  determine  what  are  the 
actual  advantages  of  the  operation  of  plastering  so  commonly  and  so 
long  practised. 

tt  has  been  alleged  that  plastering  increases  the  strength  of  vsdne 
by  the  removal  of  a  portion  of  the  water,  but  this  belief  is  erroneous,  as 
also  that  it  aids  in  some  way  or  other  in  the  clarification  of  the  wine, 
but  it  certainly  is  mischievous  in  other  ways:  thus,  as  already  ex- 
plained, it  removes  a  great  part  of  the  tartaric  acid  fi'om  the  wine, 
leaxing  the  potash  behind  in  the  form  of  sulphate  of  potash,  while  at 
the  same  time  it  does  not  lessen  the  acidity  an  atom.  It  deprives  the 
vTine,  in  fact,  of  a  very  valuable  salt,  substituting  another  salt  of  an 
injm-ious  character. 

Care  must  be  taken  not  to  fall  into  the  error  of  calcidating  all 
sulphuric  acid  found  in  the  wine  into  sulphate  of  potash,  since  the 
must  of  grapes  naturally  contains  a  small  quantity  of  combined  sul- 
phuric acid  ;  and,  since  the  determination  of  the  quantity  thus  present 
is  a  matter  of  considerable  importance  in  connection  with  the  plastering 
of  the  wine,  we  have  made  some  analyses  of  grapes  and  grape  juice 
with  a  view  to  determine  the  question. 

According  to  Boussingault  and  other  authorities,  the  sulphate  of 
potash  naturally  present  in  wine  should  not  exceed  thi-ee  grains  per 
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bottle,  but  subsequent  enquiries  have  led  us  to  the  opinion  that  the 
amount  of  sidphate  of  potash  present  often  exceeds  this  veiy  conside- 
rably, and  that  as  much  as  six  gi'ains,  if  not  more,  may  be  present  in 
some  cases.    This  conclusion  is  based  upon  the  following  facts. 

Two  samples  of  Spanish  grapes  yielded  0-0451  and  0-0336  per  cent, 
of  sulphuric  acid,  equal  to  11-46  and  8-53  grains  of  sulphate  of  potash 
per  bottle,  on  an  average  therefore  9-99  grains. 

100  parts  of  grapes  were  found  to  consist  of  18  parts  of  husks  and 
stones  and  82  parts  of  juice.  18  parts  of  the  husks  of  a  third  sample 
of  grapes  contained  0-0247  of  sulphuric  acid,  while  82  parts  of  the 
iuice.yielded  0-0189,  equal  to  4-8  grains  per  bottle.  Calculated  in  the 
above  given  ratio,  18 : 82,  100  parts  of  the  husks  contain  therefore 
0-137  per  cent.,  and  100  parts  of  the  juice  0-023  per  cent,  of  sulphiu-ic 
acid,  equal  to  5-82  grains  of  sulphate  of  potash  per  bottle. 

Another  similar  experiment  showed  that  100  parts  of  must  con- 
tained 0-014  parts  of  sulphuric  acid,  equal  to  3-54  grains  of  sulphate 
of  potash  in  a  bottle  of  one-sixth  of  a  gallon. 

The  juice  contains,  therefore,  on  an  average,  4-68  grains  of  sulphate 
of  potash  per  bottle,  while,  as  we  have  seen,  the  whole  grapes  yield 
9-99  grains  per  bottle. 

Hence  we  see  that,  in  calculating  the  amount  of  sulphate  ot  potash 
in  any  wine  due  to  plastering,  a  deduction  must  be  made  of  either  the 
one  or  the  other  of  the  amounts  above  named,  according  as  the  wme 
has  been  made  either  fi-om  the  juice  alone,  or  from  the  juice  and  husks. 
Even  in  the  latter  case,  the  deduction  of  10  gTains  per  bottle  would  be 
too  much,  since  it  is  very  certain  that  the  whole  of  the  combmed 
sulphuric  acid  present  in  the  husk  and  stones  would  not  be  removed 
by  the  pressure  and  maceration  to  which  the  grapes  are  subjected. 

Then  aoain,  supposing  it  be  known  that  the  must  has  been  sid- 
phured,  basing  the  calculation  on  the  statement  of  Thudichum  and 
Dupre,  that  one  pound  of  sulphuric  acid  is  thereby  added  to  a  butt  ot 
wine,  a  further  deduction  will  have  to  be  made;  although  we  think 
that,  if  based  upon  the  above  statement,  the  reduction  would  be  by  lar 
too  great,  since  it  amounts  to  no  less  than  24-9  grains  of  sulphate  ot 

potash  per  bottle.  ,     ,    ,      -      j>  ^i       i  „ 

Of  the  sulphurous  acid  generated  by  the  bm-nmg  of  the  sulphur  a 
great  part  is  not  absorbed  by  the  wine  at  aU,  but  escapes ;  that  how- 
ever which  is  retained  is  graduaUy  oxidised  and  converted  mto  sul- 
phuric acid;  this  decomposing  part  of  the  tarti-ate  of  pota.^h,  sulphate 
of  potash  is  formed,  tartaric  acid  set  free,  and  the  acidity  of  the  wme 
thereby  increased.  .       „  .       ,  ,    •  „„■  j 

A<4in,  it  must  be  remembered  that  a  portion  of  the  sulphimc  acid 
present  in  any  wine  may,  in  some  cases,  be  derived  ^om  the  operation 
of  sidphm-ing  the  wine  and  the  caslcs,  that  is  to  say,  of  submitting  them 
to  the  fimies  of  bui-ning  sulphm-.  i    ,    •       „j  +hc 

The  foUowing  particulars  in  reference  to  the  plastering  and  the 
fumigation  of  wTne  are  taken  from  a  letter  by  Dr.  Thudichum,  which 
appeared  early  in  1874  in  the  '  Times.' 
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'Each  qiiantit}^  of  collected  grapes  sufficient  to  yield  a  butt  of 
must  previously  to  being  trodden  and  pressed  is  invariably  dusted  over 
with  Irom  30  to  40  lbs.  of  burnt  plaster  of  Paris  (sidphate  of  lime). 
The  eti'ect  of  this  practice  is  to  precipitate  all  tartaric  and  malic  acid 
of  the  must  and  to  substitute  in  their  place  sulphuric  acid.  The 
must,  therefore,  as  it  runs  from  the  press  contains  no  bitartrate  of 
potash,  or  so-called  tai-tar,  but  sulphate  of  potash  instead.  In  conse- 
quence all  sherry  contains  nearly  the  whole  of  the  potash  of  the  must 
as  sulphate,  amounting  to  from  1|-  kilogramme  (about  3  lbs.)  to  7 
kilogrammes  (about  14  lbs.)  per  butt  of  484  litres  or  108  gallons  (equal 
to  from  36-1  to  169-2  grains  per  bottle  of  one-sixth  of  a  gallon).  . 

'  The  common  varieties  of  must  ai'e  not  only  plastered  but  also 
impregnated  with  the  fumes  by  the  combustion  of  about  5  ounces  of 
sulphur  per  butt,  which  adds  about  a  pound  of  sulphuric  acid  to  that 
brought  in  by  the  plaster.' 

We  would  remark,  in  reference  to  the  above  quotation,  that  the 
plastering  does  not  remove  all  the  tartaric  acid,  in  fact  none  of  that 
which  is  in  the  fi'ee  state,  nor  is  it  by  any  means  certain  that  the 
malic  acid  is  removed.  In  fact,  ripe  grapes  are  nearly  if  not  entirely 
free  from  that  acid. 

The  following  figures  by  Thudichum  and  Dupre  will  illustrate  the 
efl'ect  of  plastering  upon  the  acidity  of  the  wine  and  upon  the  alkalinity 
of  the  ash : — '  The  tartaric  acid  present  in  the  original  juice  amounted 
to  0'916  gramme  per  litre  ;  in  the  sample  treated  with  20  per  cent,  of 
plaster  it  had  been  reduced  to  O'Ol  gramme,  the  amount  of  malic 
acid  remaining  the  same.  The  original  juice  yielded  4'085  grammes 
of  ash  per  litre,  containing  2*415  grammes  of  carbonate  of  potassium, 
while  the  sample  treated  with  20  per  cent,  of  plaster  yielded  7'255 
grammes  ash,  containing  0"00o  grammes  carbonate  of  potassium.' 

Of  com-se  the  quantity  of  plaster  actually  employed  is  much  less 
than  that  mentioned  above,  but  at  the  same  time  the  experiment  illus- 
trates in  a  general  way  the  eflects  of  the  addition  of  sulphate  of  lime  to 
the  must  of  grapes.  The  amount  of  sulphate  of  potash  actually  met 
with  in  plastered  sherries  by  Thudichimi  and  Dupre  ranged,  as  we 
have  seen,  from  36  •!  to  169  "2  grains  per  bottle,  while  in  nmnerous 
analyses  which  we  have  made  the  quantities  have  ranged  from  18"0  to 
54'6  grains  per  bottle  of  one-sixth  of  a  gallon. 

But  we  have  not  yet  quite  done  with  the  subject  of  plastering. 
It  appears  that '  the  Greeks  and  Romans  put  gypsum  into  theu'  new 
wine,  stirred  it  often  round,  then  let  it  stand  for  some  time,  and  when 
it  had  settled  decanted  the  clear  liquor.'  Geopon.  lib.  vii.  p.  483.  The 
object  of  this  treatment,  it  is  stated,  was  to  clarify  the  wine. 

The  Deplastering  of  Wine. 

It  is  obvious  from  what  has  already  been  said  that  the  plastering 
of  wine  cannot  be  otherwise  than  most  injurious  to  its  flavour  and 
wholesoineness,  since  it  removes  the  whole  of  the  combined  tartaric,  and, 
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when  carbonate  of  lime  has  heen  employed,  part  of  the  free  acid,  and 
since  for  the  healthful  and  heneficial  tartrates  a  bitter  and  aperient  salt 
is  substituted. 

Hence  it  will  be  apparent  that  any  process  whereby  the  sulphuric 
acid  can  be  removed  and  the  original  tartaric  acid  restored,  and  in  the 
form  in  which  it  previously  existed,  namely,  as  a  tartrate  of  potash,  is 
hio-hlv  desirable  and  woidd  improve  g-reatly  the  flavour  and  quality  of 
all  wines  which  had  been  plastered  and  increase  very  considerably  their 
money  value. 

Such  a  process  we  have  devised,  and  we  have  obtained  for  it  pro- 
visional protection,  with  the  intent  to  take  out  a  patent  in  the  names  of 
the  authors,  Arthur  Hill  Hassall  and  Otto  Hehner. 

This  process  consists  of  two  pai-ts ;  in  the  tii-st,  the  amount  of 
combined  sulphm'ic  acid  present  in  the  wine  is  determined  either  volu- 
metrically  or  gravimetrically,  by  means  of  a  solution  of  chloride  of 
barium,  and  in  the  second,  a  quantity  of  tartrate  of  barium  nearly 
equivalent  to  the  amount  of  sulphm-ic  acid  present  is  added  to  the 
wine,  this  being-  occasionally  shaken  for  three  or  four  days.  At  the  end 
of  this  time  all  but  the  normal  quantity  of  the  sulphm-ic  acid  of  the 
wine  is  precipitated  as  sulphate  of  bariiun,  while  the  tartaric  acid  is  re- 
stored in  exactly  the  same  amount  in  which  it  was  originally  present, 
this  uniting  with  the  now  hberated  potash  gives  rise  once  more  to  the 
formation  of  tartrate  of  potash,  the  most  characteristic  saline  consti- 
tuent of  all  genuine  wines. 

The  tarti-ate  of  potash  uniting  with  the  free  tartaric  acid  of  the  wine 
forms  bitartrate  of  potash  or  cream  of  tartar  in  nearly  the  quantity  m 
which  it  existed  in  the  original  and  unplastered  must.  But  since 
now  the  restoration  takes  place  in  an  alcoholised  liquid  the  bitartrate  is 
rendered  less  soluble  than  it  would  be  in  the  must,  and  hence  a  consider- 
able separation  of  crystallised  cream  of  tartar  takes  place  very  shortly 
after  the  deplastering  of  the  wine,  thus  rendering  it  mellow,  and  pro- 
ducing at  once  the  effect  otherwise  only  obtainable  in  genuine  wines 
by  prolonged  keeping. 

In  the  process  thus  briefly  sketched  out,  not  a  trace  of  barmm  can 
possibly  remain  in  solution  in  the  wine  ;  first,  because  rather  less  of  the 
baryta  salt  is  used  than  is  necessary  to  decompose  the  whole  of  the 
sulphates  present ;  and  second,  since  the  sidphate  of  barium  formed  is 
the  most  insoluble  of  all  known  chemical  compoimds,  and  hence  the 
process  is  free  from  the  smallest  risk.  „        ,  • 

It  has  been  more  than  once  stated  that  sulphate  of  potash  is  present 
in  many  wines  to  the  extent  of  neariy  one  ounce  per  gallon.  Now, 
bearing  in  mind  that  it  is  a  nauseous,  bitter  and  aperient  salt,  it  is  not 
possible  but  that  the  wines  should  be  improved  by  its  removal  and  by 
the  restoration  of  its  original  wholesome  tartaric  acid;  and  mdeed,  the 
improvement  is  very  obvious  when  the  plastered  and  the  deplastered 
wines  are  tested  and  tasted  one  against  the  other.  In  fact  the  improve- 
ment is  so  great  that  it  unquestionably  makes  a  difference  ot  several 
shillings  per  dozen  in  the  value  of  any  wines  so  deplastered. 
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Fortification  of  Wine. 

We  have  now  finished  with  the  description  of  the  practices  re- 
sorted to  in  the  treatment  of  the  must,  and  we  have  to  describe  those  to 
which  the  fermented  liquid  or  wine  is  subjected ;  and  first  to  treat  ot 
the  fortification  of  wine.  .  . 

It  is  alleo-ed  that  the  addition  of  spu-it  to  wine  is  rendered  necessary 
in  order  to  arrest  fermentation  and  so  to  avoid  acetification,  and  to 
make  the  wine  keep,  so  as  to  aUow  of  its  bearing  the  voyage  from 
France  Spain  and  Portugal  or  elsewhere  to  this  country,  but  if  all 
this  be  ti-ue,  then  it  would  follow  tliat  no  wines  can  be  imported  and 
kept  for  any  length  of  time  which  are  not  fortified.  But  this  we  know 
is  far  fi-oni  being  the  case,  as  some  of  the  finest  and  most  costly 
wines  contain  but  a  moderate  amount  of  alcohol  and  yet  keep  and 
indeed  improve  by  keeping,  for  many  years. 

The  practice  of  adding  spirit  to  port,  sherry,  Madeira,  and  all  the 
stronger  wines  is  aU  but  imiversal,  while  the  same  addition  is  con- 
stantly made  to  a  very  large  proportion  of  what  may  be  termed  the 
lighter  wines,  both  white  and  red,  and  including  alike  those  of  Germany 
and  France. 

It  is  a  grave  question  for  consideration  whether  this  practice  ought 
to  be  allowed  in  the  case  of  wine  to  be  regarded  as  genmne ;  and,  if 
allowed,  certain  limits  beyond  which  it  ought  not  to  be  carried  should 
be  specified,  these  probably  varying  to  some  extent  with  the  kind  of 
wine  operated  upon.  Supposing  it  to  be  conceded  that  the  addition  of 
spirit  is  in  some  cases  necessary  and  allowable,  yet  such  wines  ought 
to  be  classed  diiferently,  so  as  to  distinguish  them  from  natiu-al  wines 
or  those  the  direct  product  of  the  fermentation  of  the  juice  of  the  grape. 
Again,  those  wines  which  contain  added  grape  spirit  should  be  distin- 
guished from  those  to  which  corn,  potato,  and  other  similar  spirit  has 
been  added.  In  fact,  in  no  true  sense  can  wines  which  have  been  thus 
treated  be  considered  as  genuine  gTape  wine ;  such  mixtures  must  be 
regarded  as  artificial  productions. 

Again,  most  certainly  the  amount  of  spirit  added  should  be  con- 
fined within  the  limits  of  that  which  the^  grape  itself  is  capable  of 
afibrding. 

We  know  really  that  the  spirit  added  is  rarely  gTape  spu-it,  but  is 
that  derived  from  grain  or  the  potato,  while  the  wine  is  brought  up  to 
a  strength  far  beyond  that  which  grape  juice  can  yield — first,  because 
it  rarely  contains  sufiicient  sug-ar  to  generate  such  a  quantity ;  and 
second,  because,  if  it  did,  fermentation  would  be  stopped  in  the  wine 
by  the  alcohol  fonned  before  all  the  sugar  was  converted. 

The  composition  and  consequently  the  specific  gravity  of  grape  juice 
varies  much  in  accordance  with  a  great  variety  of  circumstances,  as 
the  soil,  the  condition  of  the  grape  as  to  its  ripeness,  and  climate. 
That  important  constituent,  sugar,  is  especially  liable  to  variation. 
From  data  given  by  Mulder  we  find  that  the  specific  gravity  of  the 
must  ranges  from  1'039  to  1"1283;  the  mean  of  all  the  gravities 
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being  1-076.  From  these  gravities  he  deduces  the  followiug  ap- 
proximate results,  that  -the  sugar  of  must  of  different  countries 
varies  between  13  and  30  per  cent.  Now  198  parts  of  sugar 
represent  and  are  convertible  into  92  parts  of  alcohol  by  weight, 
so  that  the  juice  of  French  and  German  grapes  shoidd  furnish 
from  6  to  14  per  cent.  <>{  alcohol,  equal  to  from  13-09  to  30-26  of 
proof  spirit,  but  since  in  the  manufiicture  of  wine  some  of  the  sugar 
remains  unconverted  and  some  of  the  alcohol  is  evaporated,  the  yield 
of  alcohol  is  usually  less  than  that  stated,  so  that  the  maximum  yield 
may  be  taken  at  about  28  per  cent.,  and  this  is  really  found  to  be  some- 
what beyond  the  quantity  of  alcohol  furnished  by  the  strongest  of  the 
natural  wines,  the  sherries  and  ports  of  Spain.  Thudichum  and  Dupre 
state  that  the  mast  of  Xerez  contains  from  14-6  to  24  per  cent,  of 
sugar,  and  that  therefore  it  can  only  by  fermentation  yield  from  14  to 
23  per  cent,  of  proof  spirit,  or,  taking  one  sheiry  with  another,  a  mean 
of  18-6  per  cent.  They  say  they  are  quite  certain  that  no  natural 
sherry  ever  rang-es  over  12  per  cent,  of  alcohol  by  weight  equal  to  26  0 
per  cent,  of  proof  spirit. 

Five  samples  of  \ino  fino  from  the  San  Lucar  districts,  and 
which  were  declared  to  be  the  product  of  the  natural  fermentation 
of  the  must,  were  found  to  contain  26-5  of  proof  spirit,  equal  to  17 
degrees  centigrade  on  Gay-Lussac's  scale ;  27-2,  equal  to  17-5  per  cent, 
alcohol;  26-6  proof  spirit,  27-9  or  nearly  18  per  cent,  of  alcohol,  and 
27-2  of  proof  spirit  or  17-5  per  cent,  of  alcohol.  These  quantities  are 
somewhat  above  the  highest  amount  given  by  Thudichum,  and  approach 
that  given  by  Mulder,  namely,  28  per  cent.  These  higher  figures  may 
probably  be  explained  by  the  circumstance  that  the  strength  of  a  wine 
in  alcohol  increases  somewhat  by  keeping. 

With  respect  to  the  strength  of  natural  wines  some  _  valuable^ 
information  has  recently  been  obtained  by  the  Commissioners  of 
Customs,  through  Mr.  Keen,  one  of  then-  inspectors.  Of  554  samples 
of  wine  furnished  by  Spain,  282  were  found  to  be  free  from  added 
-  spirit,  and  of  these  the  average  strength  was  ascertained  to  be 
24-10  degrees  of  proof  spirit.  Of  the  557  samples  of  Portuguese 
wines,  381  were  ascertained  to  be  natiu-al  and  to  furnish  24-27  per 
cent,  of  proof  spirit. 

With  regard  to  fortified  tvines  one  was  ascertained  to  have  a  strength 
of  56-7  degrees,  a  strength  not  much  inferior  to  that  of  old  Cognac 
brandy.  It  was  found,  however,  that  the  average  strength  of  the 
whole  of  the  Spanish  wines  tested,  including  the  272  which  had  been 
more  or  less  fortified,  amounted  to  28-10,  the  average  strength  of  the 
PortuD-uese  wines,  including  the  176  which  had  been  fortified, 
amounted  to  only  25-96 ;  but  it  must  not  be  supposed  that  these 
figures  represent  the  average  strength  of  the  wines  sold  m  this  country 
under  the  names  of  sheri-y  and  port,  since  natural  wines  are  here 
rarely  met  with.  As  is  elsewhere  stated,  the  average  _ot  samples  ot 
sherry  tested  by  us  reached  38-3  per  cent,  of  proof  spirit. 
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The  practice  of  fortification  is  not  at  an  end  even  when  the  wine 
reaches  this  country,  for  in  many  cases  it  receives  further  doses  of 
spu-it  in  our  bonded"  warehouses  and  in  the  cellars  of  some  of  our  wine 
merchants.  Further  details  will  be  given  under  the  heads  of  several 
of  the  wines,  the  adulteration  of  which  is  hereafter  considered. 

The  Flavounng  of  Wine. 

Not  unfrequently  the  flavour  and  ai'oma  of  wines  are  imitated  by 
various  artificial  means.  Thus  astrinyency  is  imparted  by  means  of 
tannin  or  substances  containing-  it,  as  the  smvdust  of  oak,  or  a 
tinctm-e  made  from  the  seeds  of  the  grape,  while  an  artificial  bouquet 
is  produced,  amongst  other  things,  by  means  of  extract  of  sioeet  briar, 
elderjlowers,  orris  root,  cherry  and  kmrel  water. 

It  is  by  means  of  a  tincture  made  from  the  flowers  of  the  elder- 
tree  that  the  Muscatel  flavour  and  bouquet  are  imparted  to  Moselle 
wine. 

The  Blending  of  Wine. 
Frequently  two  or  more  kinds  of  wine  are  mixed  together,  some- 
times with  a  view  either  to  the  production  of  a  more  drinkable  wine 
than  either  woidd  be  in  its  separate  state,  but  often  in  order  to  suit 
the  taste  of  the  customer.  Wine  consimiers  are  usually  ignorant  about 
the  principles  of  wine-growing,  and  they  demand  from  one  year  to  the 
other  exactly  the  same  quality  of  wine,  with  the  same  flavom-,  strength, 
and  appearance,  notwithstanding  that  the  same  quality  of  wine  is 
rarely  naturally  produced.  To  suit  this  demand  the  wines  are  blended, 
either  one  kind  with  another  or  by  the  addition  of  spirit  and  sugar, 
till  the  required  quality  and  strength  are  obtained :  thus  sherries,  as 
ordinarily  sold,  rarely  contain  less  than  17  or  18  per  cent,  of  alcohol, 
and  often  more. 

The  wine  growers  themselves  hardly  ever  mix  several  qualities  of 
wine  together.  The  agents  for  export  buy  them  from  the  growers 
and  blend  them  according  to  the  country  the  wines  are  to  p  o  to,  and 
the  dift'erent  customers.  Clarets  are  especially  so  blended.  '  Chateau 
Neuf  du  Pape  is  used  as  "  doctor  "  to  feeble,  acid,  and  pale  wines  of 
bad  years.  Wine  of  the  Ermitage  goes  to  Bordeaux  and  is  there 
mixed  with  the  feebler  Gironde  wines.'  (Thudichmn.)  These  two 
famous  classes  of  wine  never  therefore  occur  in  a  pure,  unmixed^  state 
in  commerce,  since  their  value  for  adulterating  Bordeaux  wines  is  too 
great.  A  second  kind  of  blending  frequently  practised  consists,  in  the 
case  of  sherries,  in  the  addition  of  small  quantities  of  stock  or  mother 
wines  termed  '  Soleras ; '  see  p.  792,  and  in  the  case  of  champagne 
of '  Liqueur/  which  consists  of  wine  of  the  best  description,  mixed 
with  sugar  and  usually  brandy.  The  very  best  wines  are  used  to  give 
to  the  lirst-class  chanipagnes  their  fine  flavour,  while  inferior  qualities 
receive  only  an  addition  of  brandy  and  sugar.  The  composition  of 
these  liqueurs  vaiies  according  to  each  description  of  wine,  weak 
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samples  requiring  more  spirit  than  strong  and  full-flavoured  wines. 
The  champagne  to  he  exported  to  different  countries  receives  different 
additions  :  thus  for  England  full-flavoured  vsdnes  are  required,  and  only 
a  small  quantity  of  liqueur  is  added  ;  for  Russia  much  liqueur  is  added, 
diuiinishing  thereby  the  acidity,  and  making  the  champagne  appear 
sweet  and  flat ;  for  Austria  and  parts  of  Germany  it  is  manufactured 
very  sweet,  while  France  receives  only  a  moderate  quantity. 

Factitious  Wines. 

These  -wines  are  manufactured  on  an  enormous  scale,  certain  dis- 
tricts and  places  being  famous  or  infamous  for  the  manufactm-e.  One 
of  these  places  is  Cette,  in  Normandy,  where  those  who  follow  this 
trade  do  not  hesitate  to  place  over  their  doors  boards  with  the  announce- 
ment, '  Wines  Manufactui-ed  Here.'   Another  is  Bingen  on  the  Rhine. 

By  the  term  factitious  wines  two  things  may  be  meant :  one,  that 
the  articles  denominated  wine  may  be  entirely  artificial  products,  not 
containing  any  wine  the  produce  of  the  grape,  but  such  compounds 
are  rarely  manufactured ;  the  other,  that  the  wines  are  made  up  by 
various  additions  and  by  blending  in  imitation  of  certain  well-known 
descriptions  of  wine,  as  by  the  conversion  of  white  wines  into  red,  of 
claret  into  port,  of  certain  light  wines  into  sherry,  as  Hambm-g  or 
Hambro'  sherry,  and  many  other  like  practices. 

Lead  in  Wine. 

But  wine  not  unfrequently  contains  lead.  In  some  cases  this  is  an 
accidental  impm-ity  or  impregnation,  but  more  frequently  it  is  to  be 
regarded  as  an  adulteration. 

When  lead  is  accidentally  present  it  is  derived  from  the  shot  used 
in  cleaning  the  bottles. 

When  added  intentionally  to  wine,  it  is  so  for  the  purpose  of  pre- 
venting it  from  turning  soiur. 

Dr.  Watson  ^  states  that  the  practice  of  adding  lead  to  wine  was  at 
one  time  common  in  Paris. 

Dr.  Warren  relates  an  instance  in  which  thirty-two  persons  were 
made  seriously  ill  by  drinking  wine  adulterated  with  lead ;  one  of  them 
died,  and  another  became  paralytic. 

In  Dr.  Ure  s  '  Dictionary,'  we  find  these  remarks  in  relation  to  the 
use  of  lead  in  France :— '  This  distemper  (excessive  acidity)  formerly 
gave  rise  to  the  very  dangerous  practice  of  adding-  litharge  as  a 
sweetener,  whereby  a  quantity  of  acetate  or  sugar  of  lead  was  formed 
in  the  liquor,  productive  of  the  most  deleterious  consequences  to  those 
who  drank  of  it.  In  France  the  regidations  of  the  police  and  the  en- 
lightened surveiUance  of  the  Govmcil  of  Salubrity  have  completely  put 
down  this  sToss  abuse.'  ,  ,     n-  ,  j 

Lastly,  Graham,  in  his  '  Treatise  on  Wine  Makmg,  pubhshed  many 
years  since,  under  the  article  '  Secrets,'  belonging  to  the  mysteries  ot 
1  '  Chemical  Essays,'  vol.  viii.  p.  369.        =  .  Medical  Trans.'  vol.  ii.  p.  80. 
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vintners,  recommends  lead  to  be  used  for  several  purposes.  The  follow- 
ing receipts  are  copied  from  tliat  work : — 

'  To  hinder  Wine  from  turning. 
'  Put  a  pound  of  lead  melted  in  water  into  your  cask  pretty  warm, 
and  stop  it  close.' 

'  To  soften  Grey  Wine. 
'  Put  in  a  little  vinegar  wherein  litharge  has  been  well  steeped, 
and  boil  some  honey  to  draw  out  the  wax.    Strain  it  thi-ough  a  cloth, 
and  put  a  quart  of  it  into  a  tierce  (42  gallons)  of  wine,  and  this  will 
mend  it' 

To  cure  Wine  of  its  Muddmess. 

A  lump  of  sugar  of  lead  of  the  size  of  a  walnut  and  a  tablespoonful 
of  sal  enixum  are  directed  to  be  added  to  a  tierce  of  wine. 

Accum  has  the  following  remarks  in  reference  to  the  use  of  lead  in 
•wine  : — 

'  The  most  dangerous  adulteration  of  wine  is  by  some  preparations 
of  lead  that  possess  the  property  of  stopping  the  progress  of  acescence 
in  wine,  and  also  of  rendering  white  wines,  when  muddy,  transparent. 
I  have  good  reason  to  state  that  lead  is  certainly  employed  for  this 
purpose.' 

'  Lead,  in  whatever  state  it  is  taken  into  the  stomach,  occasions 
terrible  diseases,  and  wine  adulterated  with  the  minutest  quantity  of  it 
becomes  a  slow  poison.  The  merchant  or  dealer  who  practises  this 
dangerous  sophistication  adds  the  crime  of  murder  to  that  of  fraud, 
and  deliberately  scatters  the  seeds  of  disease  and  death  amongst  those 
consumers  who  contribute  to  his  emolument.  If  to  deface  the  current 
coin  of  the  realm  be  denoivnced  as  a  capital  offence,  what  punishment 
should  be  awarded  against  a  practice  which  converts  into  poison  a 
liquor  used  for  sacred  purposes  ! '  These  remarks  have  a  wider  applica- 
tion than  to  the  subject  of  the  adulteration  of  wine  with  lead. 

It  appears  that  no  real  necessity  ever  exists  for  having  recom-se  to 
lead  to  remedy  the  more  usual  defects  of  vdne. 

It  may  here  be  stated  that  the  muddiness,  and  especially  the  ropi- 
ness  and  viscidity  of  wine,  are  due  to  the  presence  of  an  azotised  matter 
precipitable  by  means  of  tannin.  It  is  in  white  wines  deficient  in 
tannin  that  this  malady  chiefly  occm-s.  M.  Francois  recommends  for 
its  cure  the  use  of  the  bruised  berries  of  the  moimtain  ash  in  a  some- 
what unripe  state,  and  of  which  one  poimd  well  stirred  in  is  sufficient 
for  a  baiTel.  '  When  wine  becomes  stringy,  in  which  case  acetic 
and  lactic  acids  are  formed,  it  may  be  improved  by  adding  a  little 
tea.  About  one  ounce  of  tea  boiled  in  two  quarts  of  water  should 
be  added  to  about  forty  gallons  of  wine.  Bitter  wine  is  treated  with 
hard  water  or  sulphirr,  bad  smelling  wine  with  charcoal,  too  astringent 
wine  with  gelatine,  wine  which  tastes  of  the  cask  with  olive  oil.' — 
Parlies. 

The  wines  of  the  adulteration  of  which  we  propose  to  ti-eat  are 
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chiefly  Sherry,  Madeira,  Cape,  Port,  French  red  wines.  Champagne, 
German,  Greek,  and  Australian  ^uines. 

SEERBT  AND  ITS  ADULTERATIONS. 

The  grapes  from  which  this  wine  is  made  are  white ;  they  are 
grown  in  the  province  of  Andalusia,  near  Cadiz,  in  Spain :  those  which 
furnish  the  better  qualities  of  wine  are  cultivated  in  the  vineyards 
surrounding  the  town  of  Xeres  de  la  Frontera,  and  hence  the  wine  is 
called  the  wine  of  Xeres.  ,       ,  ■    ^-  o 

The  ii-reatest  care  and  lahoiu-  are  hestowed  upon  the  cultivation  ot 
the  vines  from  the  fruit  of  which  sherry  is  made. 

The  grapes  are  not  gathered  until  they  are  very  ripe,  and  even 
somewhat  shrivelled  with  the  heat  of  the  sun ;  sometimes  the  fruit 
after  being  plucked  is  exposed  to  the  sun  for  a  day  or  two,  and  for  the 
very  best  wine  the  finest  grapes  only  are  used. 

'The  fermentation  is  continued  until  nearly  all  the  sugar  has  become 
converted,  and  the  wine  is  often  not  drawn  off  for  four  or  five  months 
after  the  commencement  of  fermentation.  It  is  at  first  of  a  pale  straw 
colour,  but  darkens  with  age.  Sometimes,  however,  a  peculiar  colour- 
ing liquid,  termed  '  arrope,'  is  added.  This  is  prepared  by  boiling 
sherry  down  to  a  syrup.  It  is  by  the  addition  of  this  substance  that 
the  dark  sherries  are  prepared. 

The  sherry  termed  Amontillado,  and  which  at  the  present  time  is 
so  much  in  favour  with  us,  is  a  very  dry  wine.  A  singular  fact  with 
reo-ard  to  this  wine  is  that  its  peculiarities  are  not  due  to  any  ascer- 
taiiied  causes  capable  of  imitation,  but  are  entu-ely  accidental  so  far  as 
the  manufacture  is  concerned.  In  attempting  to  prepare  it  the  fruit 
is  plucked  at  a  much  earlier  period,  and  ti-odden  by  the  peasants; 
but  of  a  hundred  butts  of  wine  made  from  the  same  grapes  and  by 
the  same  process,  some  only  will  be  Amontillado  and  some  ordinary 

''^^  Sherry  bears  too  high  a  price  and  is  too  extensively  consumed  to 
escape  tlie  hands  of  adulterators.  . 

AU  sherries  should  be  divided  into  thi-ee  classes  ;  1st,  .yenwrne  and 
natui-al  sheii-ies,  the  produce,  without  the  addition  of  any  kind,  of  the 
iuice  of  the  grape;  2nd,  fo^-^z^e^^  sherries,  strengthened,  sweetened, 
'and  coloured  with  spirit,  sugar,  and  colom-ing  all  denved  from  the 
o'rape  ■  and  3rd,  adulterated  sherries,  not  wines  reaUy,  not  shemes  at 
all  but  mixtiu-es,  fortified,  sweetened,  and  coloured  with  spirit,  sugar 
and  colouring  not  derived  from  the  grape  These  mixtm'es  if  so  Id  at 
all  under  the  name  of  sheny,  must  certainly  be  regarded  as  adidteiated. 
If  this  view  be  not  enforced,  then  it  follows  that  all  mixtures  of  foreign 
spirit,  sugar,  and  coloiu-ing,  with  possibly  a  dash  of  genmne  gi-ape 
wine  mult  be  accepted,  drunlc,  and  paid  for  by  the  public  as  sherry, 
and  on  the  same  footing  as  the  really  genuine  producte  of  the  grape. 
Now,  from  all  we  know,  and  all  we  can  learn,  there  is  scjircely  a 
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single  natural  sherry  in  this  country,  that  is  to  say,  a  sherry  which 
helongs  to  the  first  division,  and  which  consists  solely  of  the  fermented 
juice  of  the  grape  without  addition  of  any  Irind. 

Thudichum  and  Dupre  state  that  no  natiu-al  sherry  ever  contains 
more  than  12  per  cent,  of  alcohol  by  weight,  and  we  may  safely  conclude, 
when  more  than  that  amount  is  present,  it  has  been  fortified.  They 
write  now  however — '  Some  Amontillados  and  sherries  are  offered  for 
sale  which  in  their  alcoholicity  (12  to  13-6  per  cent.)  closely  approach 
the  undoubtedly  unbrandied  and  natural  wines  of  the  Rheingau  and 
Sauternes,  though  containing  about  one  or  two  per  cent,  more  than 
these.  Their  taste  is  freely  vinous,  rich,  pure,  mellow,  and  quite  free 
from  heat  or  the  taste  of  added  spirit.' 

That  there  should  be  no  natural  sherry  in  this  country  is  certainly 
very  exti-aordinaiy,  since  these  wines  are  largely  produced  and  con- 
sumed in  the  countries  in  which  sherry  is  made.  In  explanation  of 
this  absence  of  genuine  sherry  in  this  countiy,  it  is  said  that  it  will 
not  stand  the  voyage,  and  that,  if  it  would,  it  is  such  a  different 
article  to  that  to  which  the  British  public  has  by  long  abuse  become 
accustomed,  that  it  would  not  be  drunk.  We  decline  to  accept  either 
of  these  statements ;  we  see  no  reason  whatever  why  natural  sherry, 
wdth  its  alcohol  reaching,  in  some  cases,  as  high  as  27,  or  even  possibly 
28  per  cent,  of  proof  spirit,  should  not  bear  the  voyage  and  keep  quite 
as  well  as  the  wines  of  France,  Germany,  Hungary,  and  Greece. 
Further,  we  see  no  reason  for  believing  that  well  and  carefully  pre- 
pared natural  sheiTy,  if  introduced  into  this  country,  would  not  be 
approved  and  consimied.  No  doubt  the  palates  of  the  wine-drinkers 
of  this  country  have  been  seriously  vitiated  and  perverted,  and  that 
they  have  been  taught  to  some  extent  to  like  the  fiery  and  saccharine 
compounds  and  liquors  with  which  they  have  been  supplied  under  the 
name  of  sherry ;  no  doubt,  also,  that  if  a  quantity  of  sugar  be  added  to 
sherry  it  becomes  necessary  to  fortify  it  with  much  spuit  to  prevent  a 
secondary  fermentation  setting  in;  but  we  hold  that  these  strongly 
fortified  wines  are  not  sherries  in  any  proper  or  strict  sense ;  that 
their  habitual  consumption  in  an  undiluted  form  is  injm'ious  to  the 
stomach,  impedes  and  deranges  digestion,  over-stimulates  the  nervous 
system,  and,  in  fine,  impairs  the  general  health.  The  drinking  of  such 
wines  is  a  form  of  dram-drinking,  and  is  a  worse  habit  than  the 
drinlcing  of  spirits  and  water,  because  these  wines  are  usually  very 
much  stronger  than  spirits  and  water  as  ordinarily  consumed.  Spirits 
are  mostly  drunk  in  the  proportion  of  a  wineglass  of  spirit  made 
up  with  water  to  a  timiblerfiil.  Now,  such  a  mixture  will  usually 
contain  about  from  16  to  20  per  cent,  of  proof  spirit,  whereas  most 
sherries  sold  in  this  country  contain  nearly  40  per  cent. 

We  have  said  that  scarcely  a  single  natural  sherry  is  to  be  met 
with  in  this  country.  The  very  finest  and  pm-est  sheiiies  imported 
belong  to  our  second  division,  and  are  fortified  with  grape  spirit  only, 
or  with  grape  spirit,  grape  sugar,  and  grape  colouring,  according  to  the 
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Irind  ;  but  the  great  bulk,  we  fear,  of  the  sherries  consumed  in  Great 
Britain  are  to  be  referred  to  the  third  division,  and  contain  foreign 
spirit,  foreign  sugar  and  colouring,  and  are,  m  fact,  mixed  and  adul-  ^ 

terated  articles.  ,        „   ,     .  •  ^      i  •  ■. 

But  there  is  really  a  fourth  class  of  shernes— those  into  which 
very  little  wine  at  all  really  enters,  or,  if  it  does,  it  is  wine  of  a  totally  | 
difiWent  class  and  name:  to  this  class  belongs  Hambro  sheriy  ;  and 
since  this  name  has  become  somewhat  a  term  of  reproach,  the  name 
of  Elbe  sherry  has  to  some  extent  been  substituted ;  and  to  this  class 
also  belono-s  much  of  the  cheap  sherry  so  extensively  advertised  and 
consumed  "and  so  commonly  vended  at  public-houses  and  restaurants. 

The  adulteration  of  sherry  commences  with  the  must  or  juice  of 
the  erape  itself,  which  is  almost  constantly  prior  to  fermentation 
dusted  over  as  already  described  at  length  with  a  considerable 
Quantity  of  plaster  of  Paris  or  sulphate  of  lime  ;  the  commoner  varieties 
beincr  not  only  plastered,  but  also,  as  already  noticed,  impregnated 
with  the  fumes  derived  from  burning  sulphur.  The  foUo wing  par- 
ticulars in  reference  to  the  manufacture  and  adiilteration  of  sherry 
are  taken  from  the  letter  of  Dr.  Thudichum  to  the    Times,  already 

^'"^'^he^must  ferments  in  the  sheds  called  bodegas  there  being  no 
cellars  properly  so  caUed  at  Xeres.  In  a  fortnight  the  .sugar  has  a  1 
fermented  away,  and  the  must  is  transformed  into  wiue  is 
allowed  to  deposit  its  lees  dm-ing  some  months,  and  is  racked  in  the 
foUowing  February  or  March.  On  this  occasion  some  bramhj  is  added 
to  the  ^ne,  by  which  its  alcoholicity  rises  to  about  29  per  cent,  of 
m-oof  spirit  In  spring  and  eariy  summer  the  wme  (still  termed 
Costo/'and  so  to  the  time  of  the  next  harvest)  undergoes  what  is 
te^ed  its  fu-st  evolution,  and  after  that  is  ready  for  further  prepa- 

'"^''This  consists  in  the  addition  of  various  i'^g^^'^^^'^i^^^^'^.^^^^^ 
colour  sweetness,  spirit,  and  flavour.  Colour  is  imparted  by  the  addi- 
Zn  oUm^mel,  p'roduced  by  the  boiling  down  in  coppers  of  previously 
pTarered  ^-ape'jSice  ;  the  brown  syrup  is  dissolved  m  wine  and  spin  , 

'r  "  fi^^^^Sr'  oS£Tofol'^°  ?r!  uenS^ 
tiZfAZ    ane  ^  nsed  instead  of  that  made  from 

SaS?    Some  colour  is  made  from  the  juice  of  rotten  or  ^otherwise 
inferior  erapes     Sweetness  is  imparted  by  the  addition  o     dulce  - 
hat™  3  made  fi-om  grapes^ried        some  days  m^^^^^^^ 
tn  which  one-sixth  of  its  volume  of  spirit,  ot  the  strengtn  oi 
bv  oSr's  alcoholometer,  has  been  added  (a  process  f^^f 

^2:^  S'iUrteS  ottortif3^»g  it  up  to  35  »  thc»..W„„-, 


"WINE  AND  ITS  ADDLTEHATIONS. 


769 


most  frequently  up  to  40  or  42,  and  sometimes,  as  your  custom-house 
correspondent  proved,  up  to  50  per  cent,  of  proof  spirit. 

'  In  a  butt  of  ordinary  sherry  (40  jars)  tliere  is  mostly  one-fifth  of 
its  volume  of  dulce  (eight  jars) ;  consequently,  about  one-sixth  of 
unfermeuted  grape  juice,  and  which  remains  unfermented.  The  better 
sherries  are  made  less  sweet,  and  only  the  few  hnest  varieties  are  left 
unsweetened.  The  "  dulce"  is  never  plastered,  and  therefore  its  addi- 
tion depresses  a  little  the  large  quantity  of  sulphate  of  potash  introduced 
by  the  "  colour." 

'  Sherries  contain  from  1^  to  8  grammes  of  sulphuric  acid  as  potash 
salt  per  litre  (equal  to  fi'om  17-5  to  93-3  grains  per  bottle  of  one-sixth 
gallon),  and  the  more  the  older  and  better  they  are  ^  most "  soleras" 
are  near  the  highest  figure.' 

Accoi-ding  to  Mr.  Bernard  a  butt  of  sherry  intended  for  the  English 
market  in  1860  was  made  up  as  follows : — 


1  jar  of  spirit,  about  60  o.p. 
8  jars  of  sweet  wine,  or  dulce. 
7  jars  of  soleras  or  mother  wine. 


10  jars  of  dry  wine,  1854. 
14  jars  of  dry  wine,  1859.. 
40  jars  of  sherry. 


Previous  to  its  exportation,  a  portion  of  brandy  is  nearly  always 
added  to  sherry.  The  practice  of  brandyiug  wine  is  a  very  objection- 
able one,  since  it  cannot  fail  to  injm-e  the  dehcacy  of  the  flavour  of 
the  wine,  and  to  retard  those  natm-al  changes  in  it  consequent  upon 
keeping,  and  which  are  so  improving  to  its  quality. 

Low-priced  sherries  are  imported  from  Spain  at  about  18Z.  per 
butt,  expressly  for  adulteration.  On  theii*  arrival  they  are  mixed  with 
Cape  icine  and  cheap  brandy,  and  the  mixture  is  flavoured  in  imitation 
of  good  sheny,  the  colour  being  either  increased  or  diminished  accord- 
ing as  brown  or  pale  sherry  is  required. 

'  There  is  a  place  at  Cadiz  called  the  Aguada,  where  inferior 
wines  are  received  from  various  parts  of  Spain  for  the  pm-pose  of 
mixing  sheny  to  be  shipped  to  England  and  other  countries  as  sherry 
wine.  The  wine  from  the  Condado  de  Niebla  is  preferred  to  any  other 
wine  for  mixing.' — Thudichum  and  Dupre. 

At  the  Bay  of  Rosas  also  there  is  a  mixing  station,  where  wines 
are  prepared  for  North  and  South  America. 

The  author  of  the  '  Tricks  of  Trade'  states  that  at  Oette,  in  France,, 
great  quantities  of  shei-ry  are  made  up  and  shipped  for  the  English 
market,  the  composition  of  which  is  nothing  more  than  a  cheap  xohite 
wine,  strengthened  with  brandy,  coloured  with  treacle,  and  flavoured 
with  almonds. 

Lastly,  the  same  writer  states,  a  kind  of  sherry  is  manufactiu'ed  in 
this  country,  the  basis  of  which  is  pale  malt  and  sugar  candy,  a  small 
quantity  of  French  brandy  and  inferior  iuine  being  added  to  flavour 
the  mixture. 

The  practice  of  restoring  muddy  or  ropy  wines  by  means  of  lead' 
is  also  resorted  to  in  the  case  of  sherry  and  most  of  the  o,ther  wines» 

3  D 
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Genuine  sherry  is  a  very  wholesome  wine,  in  consequence  of  its 
freedom  from  acidity,  sugar,  and  other  extractive  matters. 

A  variety  of  shen-y,  the  well-known  Manzanilla,  is  produced  in 
the  district  of  San  Lucar;  the  grape  from  which  it  is  made  is  said  to  he 
full  of  flavour  and  to  ripen  early.  '  The  wine  is  rank  and  common,  hut 
improves  in  taste  and  flavoiu-  by  keeping.  When  its  fermentation  is 
perfect  it  is  of  light  body,  light  colour,  and  has  great  lasting  qualities ; 
but  withal  it  is  so  peculiar  that  a  person  unaccustomed  to  it  would 
believe  it  to  be  a  medicinal  tincture  rather  than  a  wine,  and  require 
some  length  of  time  to  habituate  himself  to  its  enjoyment.'— TVturfj- 

chum  and  Dupre.  -n    •    +i  n 

'  Some  derive  the  name  from  the  town  of  Manzanilla  m  the  Oon- 
dado  de  Niebla,  near  Sevilla.  Others  believe  it  to  be  derived  from  man- 
zaua  an  apple.  Others  again  think  that  its  taste,  flavour  and  fragrance, 
and  slio-ht  bitterness  remind  of  the  camomile  flower ;  and  that,  as  this 
is  termed  Manzanilla,  the  wine  was  called  after  it.  It  is  also  alleged, 
but  by  no  means  proved,  that  some  descriptions  of  MauzamUa  wme 
are  produced  by  the  addition  to  ordinary  wine  of  essential  oil  of  camo- 
mile and  other  ingredients.'—  Thudichum  and  Dupre. 

The  wine  which  is  produced  in  the  island  of  Sicily  known  as 
Marsala,  when  exported  to  England  is  always  brandied,  and  most  of 
that  which  arrives  there  is  made  up  in  imitation  of  sherry.  >.r,ver- 
theless  very  excellent  Marsala  is  frequently  met  with  in  this  country. 

We  will  now  proceed  to  set  forth  the  results  of  the  analyses  of  a 
CTeat  variety  of  wines  of  the  sherry  class.  Before  doing  so,  we  will 
make  a  few  remarks  on  the  principal  saline  and  mineral  substances  pre- 
sent in  the  juice  of  the  grape  and  in  the  loine  made  therefrom.     _  _ 

The  principal  saline  and  mineral  substances  present  m  gi-ape  juice, 
as  already  elsewhere  stated,  are  free  tartaric  mi  malic  acids,  tar- 
trate of  potash,  tartrate  of  lime,  sulphate  of  potash,  chloruh  of  sodiu^ii, 
phosphates  of  lime  and  magnesia,  manganese,  iron,  and  silicic  acid.  iHe 
malic  acid  occm-s  in  largest  proportion  m  unripe  gi-apes 

The  different  proportions  of  the  inorganic  constituents  ot  wine 
exert  an  unportant  influence  upon  the  quality  of  the  wine.  It  is,  how- 
ever much  to  be  regretted  that  very  few  reliable  analyses  exist  of  the 
ash  of  pure  must,  and  particularly  of  that  from  which  sherry  is  ob- 
tained, and  stiU  fewer  of  the  ash  of  pure  and  natm-al  sherry;  so  that 
theTe  are  but  slight  data  to  go  upon  whereby  the  exact  amount  and 
composition  of  the  ash  either  of  the  pure  must  or  the  pm-e  sherry  may 
bp  determined.  As  far  a.  the  analyses  recorded  go,  it  would  appear 
iaftS  h  o  gemune  sheri-y  amounts  to  about  0-25  per  c^nt.  o  the 
w'ne  equSto  fbout  29-2  grains  per  bottle  of  one-sixth  of  a  gallon, 
rnd  tbe\ulphuricacid  to  about  0-013,  equal  to  1-4  gram  per  bottle. 
\s  will  awear  hereafter,  these  data  are  of  considerable  importance  in 
ihe  deteriSination  of  the' questions  of  the  genuineness  arid  of  the  plas- 
tering of  the  sherries  and  other  wines,  the  results  of  the  analysis  of 
which  are  about  to  be  stated  in  detail 
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Spec.  grav.  at  15-5°  .C.  . 

1002-08 

1000-65 

990-1 

988-9 

993-2 

990-2 

Absolute  alcohol  by| 
weight      .       .  J 

16-084 

16-155 

17-584 

18-923 

18-923 

17-903 

Proof  spirit  . 

34-83 

34-93 

37-83 

40-64 

40-64 

38-52 

jlrape  sugar  . 

2-348 

3-652 

1-243 

1-264 

2-630 

1-018 

Oane  sugar  . 
Tartaric  acid . 

none. 

none. 

none. 

none. 

none. 

none. 

0-526 

0-531 

0-432 

0-397 

0-324 

0360 

Acetic  acid  . 

0-088 

0-054 

0-026 

0-071 

0-099 

0-036 

Sulphuric  acid 
•"hosphoric  acid 

0-132 

0-1.35 

0-210 

0-071 

0-153 

0-178 

0-084 

0-067 

0  010 

0-018 

0-019 

0012 

Total  solids  . 

6-409 

5-925 
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^sh      .      .      .  . 
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0-474 

0-444 
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0-053 
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0-006 
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grains  per  bottle  / 
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.34-1 
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16-8 

24-8 
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Spec.  grav.  at  15-5  C.  . 
Absolute  alcohol  by  | 

weight      .       •     )  , 
Proof  spirit  . 
Grape  sugar  . 
Cane  sugar_  . 
Tartaric  acid 
Acetic  acid  . 
Sulpliuiic  acid 
Phosphoric  acid 
'Total  solids  . 
Ash 

Nitrogen 

Alkalinity  of  ash  . 
Sulphate  of  potash,"} 


grains  per  bottle 
''.itartrate  of  potas 
grains  per  bottle 


Restaurant 
Sherry. 

Public-house 
Sherry. 

PubUc-house 
Sherry. 

PubUc-house 
Shei-ry. 

O 

xn 

^& 

U  V 

to 

3 

Ph 

E 

"o 
u 

s 

W 

Hambro'  Sherry. 

991-8 

993-7 

997-9 

990-8 

995-8 

995-3 

986-5 

18-638 

18-847 

18-154 

17-584 

18-231 

18-613 

17-250 

39-83 

2-  493 
none. 

0-360 
0-045 
0-096 
0-022 

3-  9-26 
0-326 
0-017 
0-016 

40-47 
1-7.54 
1-850 
0-445 
0-025 
0-216 
0-022 
4-888 
0-502 
0-029 
0-008 

39-03 
1-421 
1-741 
0'860 
0-066 
0-135 
0-017 
5-776 
0-39C 
0-027 
0-OlC 

37-84 

2-055 
0-711 
0-330 
0-074 
0-192 
0-0-25 
4-082 
0-482 
O-O20 

o-ovi 

39-19 
1-948 
1-951 
0-368 

0-183 
0-024 
5-594 
0-48C 
0-028 
0-OOc 

39-99 
4-383 

none. 
0-285 
0-006 
0-034 
0  Ulo 
4-976 
0-124 
0-018 
0-OlS 

37-13 

1-  753 
0-481 
0-219 
0-1-23 
0007 
0-005 

2-  907 
0-145 
0-018 
0-012 

24-4 

54-6 

33-9 

48-7 

46-5 

8-5 

1-7 

7-6 

3-6 

4-e 

5-6 

2-4 

6-0 

5-6 

Sherry. 


Spec.  grav.  at  15-5°  C. . 
Absolute  alcohol  by| 
•weight  .  •  j 
Proof  spirit  . 
Grape  sugar  . 
Cane  sugar  . 
Tartaric  acid 
Acetic  acid  . 
Sulphuric  acid 
Phosphoric  acid 
Total  solids  . 
Ash 

Alkalinity  of  ash 
Sulphate  of  potash,) 
grains  per  bottle  J 


984-8 

16-154 

34-94 
0-145 


Sherry. 


Sherry. 


986-2 

17-33 

37-31 
1-382 


0-307 
0-065 
0-230 

0-  019 

1-  610 
0-472 
0-040 

58-23  54-7 


0-360 
0-042 
0-216 
0-024 
2-499 
0-472 


Sherry. 


994-2 

17-582 

37-83 
2-5241 


997-0 

17-453 

37-51 
3-118 


0-372 
0-041 
0-198 
0-021 
4-736 
0-500 

50-1 


Seres. 


0-373 
0-020 
0-189 
0-025 
4-892 
0-483 

47-9 


1-0584 

13-23 

28-62 
5-82 
16-35 

I  0-153 


Vino 
fino. 


Espe- 
rado. 


983-0 

18-23 

39-19 
1-401 


23-89 
0-14 


988-1 
17-25 
37-13 


0-331 
0-028 
0-206 
0-016 
2-221 
0-342 

52-31 


0-390 

0042 

0-181 

0018 

2-74 

0-440 

45-82 
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Sherry. 

Hamburg  Sherry. 

nilla 

Spec.  grav.  at  15-5°  C.  . 

990-9 

997-3 

997-4 

989-5 

994-7 

992-4 

988-4 

Absolute  alcohol  by  \ 
weight      .      .  J 

18'231 

18-361 

17-094 

17-563 

18-230 

Proof  spirit  . 

37-26 

39-19 

39-47 

36-80 

37-79 

39-19 

26-81 

Grape  sugar . 

— 

4-627 

6-147 

3-838 

5-106 

6-200 

0'184 

Cane  sugar  . 

0-430 

Tartaric  acid 

0-432 

0-437 

0-372 

0-355 

0-352 

0-346 

0-376 

Acetic  acid  . 

0-019 

0-019 

0-023 

0-047 

0-045 

0-039 

0-097 

Sulphuric  acid 

0-154 

0-026 

0-019 

0-023 

O-02O 

0-054 

0-041 

Pho<phoric  acid  . 

0-021 

0-017 

0-018 

0-018 

0-015 

0-021 

Total  solids  . 

3-134 

6-930 

6-758 

4-628 

6-324 

6-622 

1'534 

Ash  .... 

0-300 

0088 

0-116 

0-131 

0-166 

0-344 

0-243 

Alkalinity  of  ash  . 

0-033 

0-021 

0-028 

0-030 

0-038 

0-061 

Sulphate"  of  potash,) 
grains  per  bottle  J 

38-99 

6-24 

4-81 

11-93 

5-06 

13-67 

10-37 

Sherries  from  the  Pura  Wine  Association. 

Spec.  grav.  at  15-5°  C.  . 

988-8 

988-3 

992-1 

986-8 

994-8 

989-8 

985-9 

Absolute  alcohol  by| 
weicfht.     .       .  J 
Proof  spirit  . 

12-066 

12-231 

14-909 

16-384 

14-636 

14-364 

15-667 

26-12  ! 

26-49 

32-38 

35-40 

31-71 

31-09 

33-97 

Grape  sugar . 

0-242 

0-308 

3-265 

0-804 

2-273 

0-586 

1-683 

Cane  sugar  . 

Tartaric  acid 

0-307 

0-322 

0-330 

0  307 

0-292 

0-312 

0-304 

Acetic  acid  . 

0-066 

0-048 

0-107 

0-048 

0-130 

0-057 

0-038 

Sulphuric  acid 

0-029 

0-043 

0-029 

none. 

0-044 

0-027 

0-044 

Phosphoric  acid  . 

0-022 

0-0-26 

0-027 

0-029 

0-027 

0-019 

0-031 

Total  solids  . 

1-940 

1-991 

3-472 

2-602 

3-703 

2-856 

2-448 

Ash      ...  . 

0-278 

0-293 

0-249 

0-228 

0-294 

0-260 

0-272 

Alkalinity  of  ash  . 

0089 

0-094 

0-083 

0-090 

0-086 

0-087 

0-099 

Sulphate"  of  potash, | 
grains  per  bottle  J 

7-34 

10-85 

7-34 

none. 

11-14 

6-84 

11-14 

Reviewing  the  first  thirty-two  analyses  above  given,  it  appears : — 

1.  That  thirty-one  of  the  thirty-two  samples  are  fm-tijied  with 
■extraneous  spirit  to  a  large  extent.  This  spirit,  doubtless,  in  nearly 
lall  cases,  and  probably  in  every  instance,  is  derived  either  from  corii, 
■beetroot,  or  potato,  and  not  from  the  grape.  While  the  average 
amount  of  proof  spirit  furnished  by  the  must  from  which  sherries  are 
made  at  Xeres,  according  to  the  best  authorities,  is  about  19  per  cent., 
the  lowest  quantity  found  by  the  author  was  28-62,  and  the  highest 
t43-6] ,  the  mean  of  all  the  analyses  being  37-44.  In  fact,  the  quan- 
tity of  spirit  added  falls  not  very  far  short  of  that  actually  furnished 
iby  the  fermentation  of  the  grape  juice  itself. 

2.  That  twenty-six  of  the  thirty-two  samples  of  wine  were  de- 
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cidedly  plad^ed.    The  quantity  of  sulpliate  of  potasli  found  in  the 
wines,  after  deducting  six  grains  per  bottle,  being  the  full  amount 
met^v^th  in  natural  sherry,  ranged  from  12-0  per  bottle  to  52-23  grains, 
if  we  exclude  the  artificially  compounded  llambro  sherries.  Ihese 
quantities  give  72-0  gi-ains  as  the  lowest,  and  313-;38  grains  as  the 
highest  amount  per  gallon.     It  wiU  be  seen  therefore  that  these 
analyses  bear  out  the  statement  of  Dr.  Thudichvmi  that  all  the  sherries 
imported  into  this  country  are  plaster ed-that  is  to  say,  the  must  is 
dusted  over  with  plaster  of  Paris  or  sulphate  of  lime ;  in  addition  to 
which  it  is  also  frequently  impregnated  with  the  fumes  of  burning  sul- 
phur, whereby  a  still  fm-ther  quantity  of  sulphimc  acid  is  introduced 
into  the  Avine.    Thudiclium  gives  the  quantity  of  sulphate  of  potash  ^ 
contained  in  sherries  as  varying  from  36-1  to  169-2  gmins  per  bottle  of  J 
one-sixth  of  a  gallon,  or  per  gallon  from  216-6  to  1015-2  8™-  J* 
will  be  seen  that  our  highest  quantity  per  bottle  amounts  to  58  2,  and, 
deductino-  6  grains  for  the  full  normal  amount  ever  present,  there 
remain  313-4  grains  per  gallon,  or  about  three-quarters  of  an  ounce; 
the  quantity  of  sulphate  of  potash  therefore  met  with  lu  these 
analj'ses  is  much  below  the  amount  given  by  Dr.  Thudichmu,  namely, 
rather  over  two  and  a  quarter  ounces.         ,    ,   ,   •  f 

3  That  in  addition  to  the  fortifying  and  plastering,  seven  ot  th^. 
wines  contained  considerable  amounts  of  cane  SM/ar,  the  presence  ot 
which  affords  of  course  clear  evidence  of  adidteration.      _  .  * 

4  That  some  of  the  Hambro'  and  public-house  sherries  contamedJ^ 
very  "little  wine  at  all,  but  consisted  chiefly  of  spint,  sugy,  and 
water,  flavoured  ;  in  fact,  these  mixtures  could  hardly  be  said  to  have 
any  claim  to  be  regarded  as  wines  at  all.  ,,anpnt- 

5  That  in  strilving  contrast  with  the  above  results,  m  lespect  to 
the  amounts  of  alcohol  and  sulphate  of  potash  ™ 
of  the  Pure  Wine  Association— these  being  for  the  most  part  un- 
brandied  and  unplastered.  „f i,;n-l,P«t 

We  have  stated  that  several  of  the  samples  were  of  the  highej 
quality  obtainable  in  this  counti-y,  and  were  tested  in  order  to  fmm^^ 
the  best  procurable  standards  for  comparison;  and  yet  excellent  as 
many  of  ttse  samples  were,  judged  by  the  only  ^tandai-ds  we  have^^^ 
guide  us  in  this  country,  it  will  be  seen  that  not  one  of  tbe  thiity-two 
Ss  examined  can  be  regarded  as  the  pm-e  and  natural  product  of  the 
grape  alone. 

JIADEIRA  AND  ITS  ADULTERATIONS. 

The  different  qualities  of  Madeira  are  disti^^^^l^f 
north  wines,  according  to  the  side  of  the  -1^"^  on^ich  t^^^^^^^ 
were  growil  from  which  the  wme  was  made,  the  former  being  tnree 
times  more  valuable  than  the  latter.  m.a^W^  thp  inice  is 

In  the  manufactm-e  of  the  better  qualities  of  f^T^' 
expressed  by  trampling  on  the  grapes ;  this  is  drawn  ofl,  and  a  iurther 
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quantity  of  juice  obtained  by  the  action  of  the  press  on  the  murk,  and 
from  this  an  inferior  quality  of  wine  is  prepared.  The  fermentation  ia 
usually  coutinued  for  about  sLx  weeks,  the  juice  being  constantly  agi- 
tated. 

The  juice  is  fermented  in  baiTels  and  is  then  drawn  off  into 
smaller  barrels  or  bags  of  goat  skin.  Brandy  is  mostly  mixed  with 
the  must  to  the  extent  of  from  one  half  to  one  gallon  to  a  Portu- 
guese pipe.  As  soon  as  the  first  fermentation  is  complete  a  second 
addition  of  brandy  is  made,  and  after  the  lapse  of  three  weeks  it  is 
racked  off  and  fined,  and  then  a  thii-d  addition  of  one  gallon  of  brandy 
takes  place.  In  consequence  this  wine  requires  about  six  years  for  ripen- 
ing. A  fom-th,  and  it  is  to  be  hoped  the  last,  addition  of  brandy  is  made 
just  before  exportation. 

_  Although  the  addition  of  brandy  retards  the  matiu-ation  of  wine,  it 
13  said  to  effectually  prevent  it  turning  ropy,  bitter  and  sour. 

The  wines  grown  in  the  north  of  the  island  are  mostly  used  for  the 
manufacture  of  brandy. 

For  the  ripening  or  mellowing  of  the  wine,  heat  and  motion  are 
had  recoui'se  to. 

One  plan  is  to  keep  the  wines  in  stores  heated  to  about  32°  0. 

Another  is  to  place  the  bottles,  well  corked,  in  heaps  of  fermenting 
manure. 

Lastly,  in  some  cases  Madeira  is  sent  one  or  more  voyages  to  the 
-Last  Indies,  the  heat  of  the  climate  and  the  constant  agitation  in  which 
the  wine  is  kept  very  greatly  improving  its  qualities. 

The  adulterations  to  which  Madeira  is  subject  are  in  the  main  simi- 
lar to  those  of  sherry  and  other  white  wines.  Madeira  of  inferior 
quality  ls  mixed  with  and  passed  off  for  the  best,  and  wines  are  fabri- 
cated m  imitation  of  Madeira,  but  really  not  containing  a  di-op  of  that 
wine  iQ  theni  A  spurious  Madeira  is  sometimes  made  from  a  Canary 
wine  called  Vedoma,  which  somewhat  resembles  Madeira,  and,  like  it, 
is  improved  by  heat  and  agitation.  This  is  mixed  with  a  small  num- 
titvot  mountain  port  and  Cape,  'sweetened  withsM^ar  candy,  flavoui-ed 
with  bitter  almonds;  and  then  subjected  to  a  hot-water  process  to  give 
It  mellowness  and  ao-e. 

.X.  ^  liigfer  price  is  charged  for  Madeira  which  has  been  to 

tue  iiast  indies.  Much  that  is  sold  as  having  undergone  the  voyage 
has  never  been  to  the  East  at  all.  It  is  stated  that,  in  order  to  aid  this 
deception,  casks  are  branded  and  false  biUs  of  freight  exhibited. 

Many  imagme  that  wines  purchased  at  the  docks  7nust  be  pure ; 
there  is  good  reason  for  believing  that  this  is  not  always  so.  On  this 
subject,  we  find  in  the  '  Tricks  of  Trade,'-the  article  on  wine  in  which 
work  IS  lull  of  interesting  information— the  following  remarks:— 
ilie  cralty  importer  in  general,  orders  his  ships,  on  ^their  way  to 
England,  to  touch  at  Guernsey  or  Jersey,  when  the  required  adultera- 
tions are  practised. 
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Some  idea  of  the  extent  to  which  Madeira  is  adulterated  may  he 
formed  when  it  is  known  that  not  more  than  25,000  pipes  are  made  ; 
of  these  not  more  than  3,000  belong  to  the  first  growth,  of  which  only 
about  one-half  reaches  this  country. 


CAPE  WnSTES  AND  THEIB  ABTOTERATIONS. 

Nearly  the  whole  of  the  wine  produced  at  the  Oape  for  importation 
to  this  country  is  strongly  branclied  and  made  up  in  imitation  of  port 
and  sherry.    The  imports  have  fallen  off  during  the  last  few  years  to 

almost  nothing.  .  ,     ,    p  t    i.i  ,-i 

'  The  fermented  wines  are  sulphured,  either  by  fiunes  or  by  tlie  ad- 
mixture of  flowers  of  sulphur  ;  freshly-lnlled  meat  is  hung  up  m  them, 
for  who  knows  what  purpose  ?  Lastly  they  are  dosed  with  Cape-smoke, 
so  called  i.e.  indigenous  brandy.'— TVm^cAitm  and  Dwpre. 

Many  Oape  wines  are  characterised  by  a  pecubar  earthy  or  slaty 
taste  due  probably  to  imperfections  in  the  method  of  preparation. 


PORT  AND  ITS  ADTTLTEEATIOKS. 


The  grapes  from  which  port  wine  is  made  are  trodden  on  a  platform 
bv  men,  and  the  juice,  together  with  the  stalks  or  husks,  transferred 
to  stone  vats,  the  stalks  not  being  separated.  Port  wme,  therefore, 
possesses  a  considerable  amount  of  astringency  which  is  only  in  part 
removed  as  the  crust  foi-ms,  and  as  the  wme  ages. 

After  the  first  fermentation  is  over  brandy  is  added,  and  it  the  must 
from  which  the  wine  is  obtained  was  deficient  in  sugar,  an  addition  ot 
that  substance  is  also  made,  as  weU  as  not  unfrequently  colounj  matter. 
The  sugar  added  may  be  either  cane,  beet,  or  ffrajte  sugar,  but  not  un- 
commonly a  portion  of  the  must  is  evaporated  as  in  the  case  of  sherry, 
and  the  extract  so  procured  is  added  to  the  ordinary  must  ^  hen 
colouring  matter  is  employed  the  addition  is  made  by  treading  with 
the  ffrapes  one  or  other  of  the  substances  usuaUy  resorted  to,  as  dried 
and  powdered  elderberries  or  black  cherries.  In  good  years  F^P^^  con- 
tain a  sufiicient  amount  of  colouring  matter  to  ^ff^^d^U  th*.  co  our 
necessary,  especially  when  mixed  with  a  proper  quantity  of  the  tinto 
S.  Sometimes  however,  even  in  good  years  port  wme  becomes  of 
Tbrownish-red  colom:,  and  in  such  cases  artificial  coloiu-ing  matters 
Lve  to  be  employed,  and  Jerumja  is  resorted  to,  but  these  are  added 
fit  a  later  stao'e  of  the  manufacture. 

iSZSat  a  compound  expressly  prepared  for  the  adulteration  of 
port  wi£e;  it  consists  of  the  juice  of  elderberries,  broicn  sugar,  nn- 

•^"^^SSdW  Ztber  the  wine  has  deposited  its  1^ 
it  is  then  transferred  into  pipes,  and  in  the  spring  of  tlie  lol  owing 
year  it  is  brought  down  to  Oporto  and  Villa  Nova  to  be  there  stored. 
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Analyses  of  Port  Wine. 


Pure  "Wine  Association. 

Ports. 

k-'l 'cL-lllc  \iJttVlly   lllj  -I "  yi     \j  *  • 

988-8 

99G-3 

991-3 

992-3 

1006.84 

1001-08 

13-308 

16-160 

11-230 

8-(i25 

16-17 

17-76 

XlUUlSIJlllli         (              t              ■  < 

28-79 

32-91 

24-36 

18-76 

34-97 

38-18 

Tartaric  acid  .... 

0-460 

0-532 

0-G08 

0-622 

0-390 

0-420 

Acetic  acid  .... 

0-032 

0-030 

0068 

0  061 

(1-043 

0-041 

Phosphoric  acid      .  . 

0-031 

0-045 

0-032 

0-021 

0-026 

0-024 

Sulphuric  acid 

0-021 

0-04fj 

0-042 

0-016 

0-016 

0-020 

Ash  

0-189 

0-294 

0-230 

0-275 

0-253 

0-260 

Alkalinity  of  ash  . 

0-072 

0-085 

0-113 

0-068 

Grape  SHsr;ir  .... 

0-581 

1-808 

0-361 

0-436 

7-06 

6-00 

Total  solids  .... 

2-425 

4-556 

2-067 

2-067 

7-96 

7-02 

Sulphate  of  potash,  grains  ) 
per  bottle     ...  J 

5-31 

10-71 

10-63 

4-55 

4-00 

6-05 

AccordiDg  to  Thudichiim  and  Dupre,  no  port  wine  reaches  England 
which  contains  less  than  three  gallons  of  brandj^  to  the  pipe,  but  heavily 
brandied  -wines  contain  as  mnch  as  from  fifteen  to  seventeen  gallons. 
The  chief  reason  for  this  large  addition  of  brandy  is  that  it  affords  the 
quickest  and  most  certain  means  of  rendering  the  wine  marketable,  but 
not  drinkable,  for  it  really  retards  the  matm-ation.  The  brandy  stops 
fei-mentation  so  that  the  wine  may  be  exported  to  any  climate — and 
indeed  it  would  be  a  strange  thing  if,  with  about  40  per  cent,  of  proof 
spirit  in  it,  it  did  not  keep.  To  become  mellow  and  sound  it  is  neces- 
sary that  the  wine  should  be  stored  in  bottle  for  six  or  eight  years. 

In  addition  to  aU  the  other  brandyings,  port  wine  receives  one  per 
cent     proof  spirit  on  shipment. 

Thudichum  and  Dupre  state  that  the  alcohol  in  natural  port  wine 
ranges  from  9  per  cent.,  the  lowest,  to  13-9  per  cent.,  we  presimie  by 
volume,  the  highest  limit,  equal  to  from  16-8  to  24-8  per  cent,  of 
proof  spirit. 

Jerupiga  is  extensively  imported  into  this  country  for  the  adul- 
teration of  port  wine.  By  a  return  made  some  years  since  to  the 
House  of  Commons,  on  the  motion  of  the  late  Mi-.  Oliveira,  it  ap- 
pears that  Jerupiga  was  imported  and  used  by  some  of  the  first  houses 
engaged  in  the  -wine  trade  in  this  coimtry. 

Another  substance  used  to  colour  port  vidne,  both  in  Portugal  and 
at  home,  is  logtvood ;  large  quantities  of  this  dye  are,  it  is  stated,  im- 
ported into  Oporto. 

The  wines  of  Valencia,  Bene  Carlo,  and  Alicante,  being  rich  in 
colour,  are  made  up  to  imitate  port  wine,  and  the  casks  are  prepared 
to  resemble  port  pipes  in  size  and  appearance.  A  verj'  large  proportion 
of  these  wines,  Mr.  Bernard  states,  are  sent  to  France  to  be  used  in  the 
blending  of  other  -wines  and  in  the  preparation  of  imitation  ports 
shipped  to  this  country  from  Marseilles. 
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Lastly,  port  wiues  are  adulterated  at  Oporto  hy  the  addition  of 
inferior  wines,  imported  for  the  piu'pose.  It  is  by  this  means  that  the 
supply  of  port  ynn&  is  maintained  at  a  tolerably  uniform  averag^e,  no 
matter  what  may  have  been  the  vintage. 

Catalan  has  lately  been  introduced  into  this  country.    It  is  a 
Spanish  port  wine,  but  is  often  sold  as  the  product  of  Portugal. 

It  is  therefore  evident  that  port  wine  is  subject  to  a  large  amount 
of  adulteration,  before  it  reaches  this  country ;  after  its  arrival  here 
it  is  fi-equentlv  subjected  to  further  sophistication. 

Sometimes  it  is  diluted,  brandied,  and  then  coloured  hy  the  mix- 
ture termed  Jerupiga,  or  by  means  of  logwood.  The  brilliancy  of  its 
colour  is  sometimes  increased  by  means  of  alum,  and  if  turbid,  it  is 
cleared  by  f/i/psuin,  while  increased  aabringeucy  is  imparted  by  means 
of  oak  saivciust.  Not  unfi-equeutly  peculiar  ilavours  or  bouquets  are 
artiticially  communicated  to  port  wine :  the  principal  substances  used 
for  this  purpose  are  extract  of  sioeet  briar,  orris  root,  and  chen-y  laurel 
water. 

In  other  cases  the  true  flavour  and  taste  are  given  to  factitious  port 
by  means  of  a  tincture  made  from  the  seeds  of  the  grape. 

The  resemblance  to  port  is  further  increased  by  adding  salt  of  tartar 
to  the  wine,  which  is  one  of  the  natural  constituents  of  the  gTape. 
This  salt  after  a  time  becomes  in  part  deposited  in  a  crystalline  state 
from  genuine  port  wine,  either  on  the  sides  of  the  cask,  or  in  the  bottle 
in  which  it  is  kept,  it  can-yiug  down  with  it  some  of  the  colouring 
matter  of  the  wine,  thus  foruiiug  the  crust.  The  fabricators  of  spm-ious 
port  have  not  forgotten  to  imitate  this  criterion  of  a  good  wine. 

For  this  purpose  a  hot  satm-ated  solution  of  cream  of  tartar,  colomed 
red  with  a  decoction  of  Brazilwood,  is  placed  in  the  cask  and  rolled 
about  in  it  imtil  the  sides  hecomes  covered  with  the  crystallised  sub- 
stance, after  which  the  imitation  wine  is  poured  in.  Bottles  even  are 
treated  in  the  same  manner,  and  the  very  corks  are  also  dyed. 

The  crust  of  port  wine  is  an  indication  of  its  age,  and  not  only  is  this 
produced  in  the  manner  just  pointed  out,  but  likewise  in  other  ways ; 
one  of  these  is  to  put  new  port  into  warm  water,  the  temperature  ot 
this  is  raised  to  the  btiling  point,  after  which  the  wine  is  put  hack 
into  the  cellar,  when  it  soon  deposits  a  crust  which  might  pass  for  the 

growth  of  years.  _       „    ,  ,      , .  .  •  j 

But  we  have  not  yet  exhausted  the  list  of  adulterations  practised 

upon  that  much-abused  wine,  port.  ,    . ,  n 

Accum  states,  '  many  thousand  pipes  of  spoiled  cider  are  annually 
brought  hither  from  the  country  for  the  pm-pose  of  being  converted 
into  factitious  port  wine.'  _  .     •  ^      •  j. 

Another  method  practised  of  adulterating  port  wine  is  to  mix  to- 
gether a  variety  of  cheap  red  wines,  adding  a  little  genuine  port,  ilns 
system  is  exposed  in  a  work  entitled  '  Wine  and  Spirit  Adulterations 
Unmasked.'  The  author  states  that  large  vats  are  kept  by  the  manu- 
facturer in  which  different  inferior  wines  are  mixed  together  m  imita- 
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tion  of  port.  The^  are  for  the  most  part  Bene  Carlo,  Figueras,  and 
Red  Cape.  One  or  more  of  these  are  mixed  together,  a  proportion  of 
common  port  added,  and  a  small  qnantity  of  Mountain  to  impart  a 
softness  and  give  a  rich  appearance.  Salt  of  tartar  will  ensure  a  quick 
and  firm  crust,  and  yum  dragon  gives  a  fulness  of  flavour,  a  consist- 
ency of  body,  and  a  good  face.  Berry  dye,  a  colouring  matter  imported 
from  Germany  for  the  express  pm-pose  of  adulteration,  will  increase 
the  deep  pm'ple  tint,  while  with  washings  of  brandy  casks  the  whole 
compound  is  made  perfect.  Wine  thus  made  up  woidd  cost  only  about 
16s.  per  dozen,  every  expense  included. 

Various  receipts  have  been  published  for  the  manufacture  of  spuri- 
ous port.  The  following  are  from  the  '  Publicans'  Guide : ' — '  The  cask 
is  to  be  well  sidphiu-ed,  and  then  twelve  gallons  of  strong  port,  three 
gallons  of  Cognac  braudy,  six  of  proof  spirits  of  wine,  and  forty-two 
of  good  rough  cider,  maldng  in  all  a  compound  at  the  rate  of  18s.  per 
dozen.'  A  second  receipt  is  as  follows : — '  Take  forty-five  gallons  of 
cider,  six  of  brandy,  two  of  a  decoction  of  sloes,  and  eight  of  port  wine. 
To  increase  the  colom-,  tinctm'e  of  red  smulersivood  or  cudbear  must 
be  added.  The  wine  is  to  be  bottled  in  a  few  days,  and  a  teaspoonful 
of  powdered  catechu  added  to  each  bottle  to  give  a  rough  and  astrin- 
gent flavour  and  to  ensm-e  a  fine  crust ;  lastly,  in  order  to  give  an 
appearance  of  age,  the  ends  of  the  corks  are  to  be  stained  by  soaking 
them  in  a  strong  decoction  of  Brazilwood  containing  a  little  alimi.' 

Dr.  Reece's  '  Gazette  of  Health '  contains  the  following  receipt : — 
'  Take  of  British  grape  wine  or  cider  four  gallons,  of  the  juice  of  red 
beet  two  quarts,  of  brandy  two  quarts,  of  logwood  four  ounces,  or 
rhatany  root  bruised  half  a  pound.  First  infuse  the  logwood  and 
rhatany  root  in  brandy  and  a  gallon  of  grape  wine  or  cider  for  a  week.- 
Then  strain  the  liquor,  and  mix  it  well  with  the  ingredients ;  keep  it 
in  a  cask  for  a  month,  when  it  wiU  be  fit  to  bottle.' 

The  following  receipt  for  the  manufactm-e  of  Southampton  Port 
is  from  the  same  work : — '  Take  cider  thii-ty-six  gallons,  elder  wine 
eleven  gallons,  brandy  five  gallons,  damson  wine  eleven  gallons,  and 
mix.' 

It  thus  appears  that  great  and  scandalous  tricks  are  played  with  the 
English  gentleman's  favourite  after-dinner  beverage. 

The  consumption  of  port  wine  has  recently  much  declined — partly, 
doubtless,  owing  to  its  excessive  strength,  and  partly  in  consequence 
of  the  knowledge  of  its  adidteration  being  more  extensively  diffused. 
It  is  to  be  hoped  that  this  result  will  lead  to  a  reaction,  and  teach 
the  adidterators  that  they  are  perilling  the  consumption  of  this  wine 
in  this  the  great  port  wine  drinlring  country. 

PEENCH  WINES  AND  THEIR  ADtTLTEEATIONS. 

We  have  obtained  from  the  treatise  of  Messrs.  Thudichum  and 
t)upre,  30  frequently  quoted  before,  the  following  information  relative 
to  the  adidteration  of  the  wines  of  France. 
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The  wine  made  from  the  Grenache,  in  the  lifussillon  district,  is 
manufactured  in  a  particular  manner.  The  f^-apes  are  carried  to  the 
press  and  transformed  into  must,  and  after  the  must  has  heen  drawn 
olf,  2  litres  of  proof  spirit  are  added  to  every  100  litres  of  the  liquor, 
and  the  mixture  is  immediately  put  into  well  sulphured  casks.  A 
fortnight  later  the  wine  is  racked,  and  the  racking  is  repeated  every 
month  for  about  six  months,  till  the  wine  remains  clear.  It  must 
he  left  in  the  cask  for  fifteen  years  before  it  can  be  drunk. 

The  grapes  in  the  Roussillon  district  are  mashed  by  treading,  and 
the  berries  are  not  separated  from  the  stalks.  The  cuvage  is  mostly 
performed  in  barrels  from  which  the  top  has  been  removed.  _  The 
plastering  of  the  must  is  not  uncommon  in  this  district,  and  contributes, 
in  the  opinion  of  the  authors  above  quoted,  not  a  little  to  make  the 
Roussillon  wine  flat  and  mawkish  and  to  deprive  it  of  that  refreshing 
acidity  which  alone  makes  sugaiy  wines  tolerable. 

The  lower  classes  of  the  Perpignan  wines  are  always  treated  with 
plmter ;  and  again,  in  the  Languedoc,  the  gi-apes  are  ti-odden  witli  the 
feet,  or  mashed  with  machines,  consisting  of  revolving  cylinders.  They 
are  ordinarily  powdered  over  with  plaster  of  Paris. 

The  wines  of  St.  Gilles  are  of  a  brilliant  purple  colour,  soft,  of 
much  body  and  strength,  and  they  possess  what  the  French  call  nerve 
and  mordant.  Thev  are  called  /e?-Hies,  because  they  can  be  used  to 
give  colour,  strength  and  body  to  wines  which  do  not  possess  those 
properties,  and  hence  they  have  also  been  termed  vim  de  remede. 

The  feeble  wines  of  tliis  district  are  fortified  with  sjnrit ;  the  grapes 
are  put  into  a  cauldron  and  heated  in  order  to  macerate  the  hard 
sk-ins  and  to  allow  the  colouring  matter  in  them  to  be  extracted  more 
easily.  The  grapes  so  treated  are  afterwards  put  either  into  spirit  or 
into  new  vrine.  A  smiilar  means  has  long  been  adopted  in  the  manu- 
factiu-e  of  wines  in  Oporto.  The  fermenting  vats  of  the  Languedoc  are 
frequently  after  twenty-four  hours  deprived  of  a  portion  of  their  wme, 
which  then  has  attained  only  a  dark  rose  colom-.  This  wme  is  fermented 
in  that  state  and  send  ofl'  to  the  Burgogne  to  serve  m  what  the  French 
call  the 'arrangement' of  the  Burgundy  Aviues.  •  i 

The  wines  of  St.  Gilles  are  most  commonly  used  for  the  artiticial 
production  of  port  and  sherry,  of  which  not  a  little  is  thus  made  m 

'  We  Ivn'ow  it  for  certain  that  a  little  brandy  is  added  to  conunon, 
very  common  Bordeaux  wines.  We  know  also  that  the  better  M^doc 
wines  are  mixed  with  some  Hermitage  to  give  them  a  little  more 
alcoholic  strength.  We  know  as  certainly  that  of  the  thousands  ot 
bamques  of  good  and  best  clarets  of  good  years  not  one  receives  a 
particle  of  brandy,  but  even  if  it  did,  its  alcoholic  sti-ength  would  be 
nothing  like  that  of  Oporto  YnueJ—Thudichum  and  Dupre.  _ 

Burqimdy  may  be  classed  amongst  the  claret  wines  :  it  is  perhaps 
the  finest  of  all 'the  natm-al  red  wines ;  it  is  stronger  than  ordinarv 
clarets,  the  strength  being  sometimes  increased  by  the  addition  oi 
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trandy.  It  possesses  a  powerful  aroma,  and  a  delicious  and  lastino- 
fla\  our  ;  it  is  slightly  astring-ent,  and  hence  sometimes  occasions  head- 
ache and  indigestion.  It  must  be  remembered,  however,  that  as  it 
arrives  in  this  country  it  is  usually  brandied,  and  this  may  in  some 
instances  account  for  the  effects  produced. 

The  addition  of  brandy  to  Bm-gundy  is  most  injiuious  to  its  flavour 
and  smell.  So  delicate  is  this  wine,  it  is  said,  that  if  two  Bur- 
gundies of  superior  qualities  are  mixed  together,  the  bouquet  and  taste 
are  entirely  changed. 

In  many  parts  of  Burgundy  the  addition  of  sugar  to  the  must  is 
very  common,  in  some  cases  amounting  to  as  much  as  '20  pounds  to 
the"  piece.  Messrs.  Thudichimi  and  Dupre  believe  that  much  of  the 
fieryuess  and  alcoholicity  and  so-called  '  headiness '  of  Burgundy  wine, 
of  which  amatem's  complain,  arises  from  this  addition  of  sugar  and 
that  more  objectionable  propei'ties  are  by  no  means  natural  qualities  of 
the  general  products  of  the  Oote  d'Or. 

'Now  comes  a  phase  in  the  production  of  Burgundy  which  is 
unpai-aUeled  by  any  proceeding  in  any  wine-producing  country.  The 
fei-mentation  is  complete  and  the  wine  has  to  be  drawn,  but  it  is 
desired  to  impart  to  the  wine  all  the  colom'  that  can  be  extracted  from 
the  husks.  For  this  pm-pose  the  husks  which  have  been  collected  in 
the  chapeau  have  to  be  thoroughly  mixed  with  the  alcoholic  fluid. 
The  top  of  the  chapeau,  which  is  mostly  a  little  rotten  and  som-,  is 
therefore  taken  ofi",  and  two  or  three  men,  having  laid  aside  their  clothes 
mount  to  the  top  of  the  chapeau.  The  chapeau  is  so  dense  that  the 
men  can  stand  upon  it  for  some  time  ;  each  of  the  men  works  a  hole 
with  one  foot  thi-ough  the  crust ;  he  then  gets  his  other  foot  through 
and  gradually  succeeds  with  much  trouble  in  causing  his  body  'to 
sink  throug-h  the  crust  into  the  wine  below.  While  thus  en- 
gaged the  whole  chapeau  is  broken  to  pieces  and  worked  together 
wdth  the  wine.  These  men  now  work  the  whole  of  the  mm-k  and 
mix  it  thoroughly  in  aU  directions  with  the  wine  for  about' naif 
an  hour.  They  then  emerge  from  the  liquid  covered  with  a  dark  red 
dye,  and  after  wiping  their  bodies  with  the  shirt  they  pulled  off 
they  put  on  a  fresh  shirt  and  re-dress.  After  the  lapse  of  several 
houi's  the  chapeau  is  again  risen  as  before.  During  this  operation  the 
men  perspire  profusely,  not  only  from  the  intense  laboui-  which  they 
perform,  but  also  fi-om  the  poisonous  effect  of  the  carbonic  acid  o-as 
exhaled  by  the  fermenting  mass.  They  are  mostly  deadly  pale  or  blue 
and  pant  and  hang  their  heads  over  the  edges  of  the  cuves,  gasping 
for  fresh  air.' — Thudichum  and  Dupre. 


CHAMPAGNE  AND  ITS  ADULTEEATIONS, 

The  grapes  from  which  champagne  is  made  are  black.  The  process 
of  manufacture  is  most  carefully  conducted.  The  grapes  are  first 
examined,  every  bruised  or  unripe  ben-y  being  removed.   For  the  grey 
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or  white  champagne,  the  grapes  are  trodden  for  a  quarter  of  an  hour 
hefore  heing  pressed.  For  the  pink  wine,  the  treading  is  prolonged 
until  the  juice  hecomes  tinged  wiih  the  colouring  matter  of  the  husks. 
For  inferior  champagne,  the  colom"  is  sometimes  artificially  produced 
by  means  of  a  little  red  ivine;  or  even  hy  the  juice  of  elderberries. 

The  white  champagnes  are  therefore  in  general  to  he  regarded  as 
purer  than  the  pink  varieties. 

Champagnes  are  not  only  classified  according  to  their  coloiu's,  but 
also  into  still  and  sparkling.  The  best  of  the  still  wines  is  Sillery,  a 
dry  champagne,  of  an  amber  colour,  rich  body,  and  powerful  bouquet. 

'  It  is  now  (December)  write  Messrs.  Thudichum  and  Dupre, 
that  the  champagne-making  houses  send  their  agents  about  in  order  to 
acquire  those  particular  wines  of  which  they  stand  in  need  for  mixing 
with  the  qualities  which  they  may  have  themselves  produced.  This 
mixing  is  one  of  the  most  important  operations  in  the  production  of 
champagne.  Every  manufacturer  is,  of  course,  obliged  to  produce  the 
varieties  which  the  public  demand — Sillery  or  Epernay,  others  Av ; 
this  merchant  wants  Mareuil,  the  other  Dizy.  There  is  hardly  a  name 
of  any  notoriety  which  has  not  its  particular  admirers.  The  object  of 
all  champagne  houses  is  now  to  produce  by  the  art  of  mixing  wines 
which  shall  be  as  similar  as  possible  to  those  of  which  they  are  to  bear 
the  names.  When  these  necessary  ingTedients  have  been  brought 
together  they  are  mixed  by  vatting  and  then  drawn  off"  again  into  the 
barrels  for  further  treatment.' 

The  wdne  is  afterwards  fined  by  means  of  isinglass,  an  operation  which 
may  have  to  be  performed  several  times,  much  sulphur  being  biu-nt  in 
the  casks  in  order  to  render  the  wine  as  pale  as  possible.  The  wines 
which  have  been  treated  as  above  described  are  racked  into  bottles, 
which  are  fidled  to  a  height  of  about  two  inches  from  the  top  of  the 
neck. 

In  the  manufacturing  of  sparkling  Jiock,  yoimg  wine  is  mixed  with 
old  wine,  usually  in  equal  proportions,  and  about  two  per  cent,  of  sugar 
added,  since  Rhenish  wines  after  fermentation  do  not  contain  any 
sugar.  In  the  manufactm-e  of  champagne  no  addition  of  sugar  is 
required,  as  the  yoimg  wines,  with  which  they  are  mixed,  furnish  the 
required  amount  of  saccharine  matter. 

As  the  summer  advances  the  temperature  of  the  cellars  in  which 
the  wine  is  stored  rises,  and  the  wine  begins  to  ferment ;  it  so  increases 
in  bulk  that  the  empty  space  in  the  bottle  nearly  or  wholly  disappears, 
many  bottles  beginning  to  leak,  and  others  to  burst  from  the  pressure 
of  the  gas.  By  the  autumn  the  temperatm-e  falls  and  the  breakage  for 
the  most  part  ceases. 

The  next  operation  is  the  clearing  of  the  wine,  which  takes  place, 
when  the  wine  is  in  a  state  fit  for  sale.  This  operation  has  for  its 
object  the  removal  of  the  yeast,  which  has  settled  on  the  sides  of  the 
bottles.  These  are  placed"  with  their  necks  downward  so  as  to  allow 
the  yeaat  to  become  deposited  on  the  cork,  forming  a  layer  in  some 
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cases  of  considerable  thiclcness.  The  cork  is  now  removed,  and  the 
yeast  allowed  to  escape  with  the  carbonic  acid  -which  immediately 
rushes  forth,  it  being  quickly  once  more  corked. 

The  wine  has  now  to  undergo  what  is  termed  '  liqueuring.' 

Champagne  made  as  described  is  quite  dry.  The  operation  of 
liquem-ing  consists  in  imparting  to  it  a  certain  amount  of  sugar  corre- 
sponding to  the  taste  of  the  consumer,  and  also  giving  to  wane  which 
has  not  had  time  to  matm-e  a  certain  finish  and  flavour  by  mixing  with 
it  a  small  quantity  of  good  old,  well-matured  and  fine-flavoured  wine. 
Ilenoe  the  champagne  merchant  who  makes  fine  champagne  provides 
himself  with  excellent  wines  for  the  purpose  of  making  these  liqueurs, 
and  in  all  these  cases  the  liqueur  consists  of  a  mixtui-e  of  pure  cane 
sugar  and  wine  only,  but  the  cheap  Irinds  of  champagne  not  admitting 
of  the  introduction  of  expensive  wines  or  requiring  the  addition  of 
alcohol  on  account  of  the  natural  want  of  that  ingredient,  are  not 
treated  with  wine,  but  with  a  liquem-  consisting  of  ^oine,  spirits  of 
wine  and  sugar. 

A  certain  quantity  of  liqueur  is  introduced  into  the  wine  and  the 
bottle  finally  corked. 

It  sometimes  happens  that  a  second  operation  of  disgorging  has  to 
be  performed. 

Four  principal  varieties  of  champagne  are  made.  Champagne 
non-Mousseu.v,  both  red  and  white ;  Champagne  cremant,  moderately 
sparkling  only ;  Mousseiu;  and  Grand  Mousseux. 

Of  the  champagne  sold  in  England  a  very  large  proportion  is 
spurious. 

Sometimes  it  is  fabricated  from  cheap  white  Frmch  wine.,  sugar 
and  colouring  matter  being  added. 

At  others  it  consists  in  part,  or  even  wholly,  of  wine  made  from  the 
gooseberry,  and  even  from  the  a2}ple,  pear,  or  rhubarh. 

Not  imfrequently  it  is  manufactm-ed  after  the  following,  or  some 
similar  receipt: — 'Take  of  white  sugar  eight  pounds,  the  whitest 
broion  sugar  seven  pounds,  ci7stalline  lemon  acid  or  tartaric  acid  a 
quarter  of  an  ounce,  pure  %uater  eight  gallons,  white  grape  tvine  two 
quarts,  or  perrg  four  quarts,  of  French  brandy  three  pints.  Boil  the 
sugar  in  the  water,  sk-imming  it  occasionally,  for  two  hours ;  then 
pour  it  into  a  tub,  and. dissolve  in  it  the  acid  before  it  is  cold.  Add 
yeast,  and  ferment.  Put  it  into  a  clean  cask,  and  add  the  other  in- 
gredients. The  cask  is  to  be  well  bunged,  and  kept  in  a  cool  place 
for  two  or  three  months ;  then  bottle,  and  keep  it  cool  for  a  month 
longer,  when  it  will  be  fit  for  use.  By  adding  one  pound  of  fresh  or 
pieserved  strawberries,  and  two  ounces  of  powdered  cochineal,  the  pink 
champagne  may  be  made.' 

The  champagne  sold  at  races,  fairs,  and  tea-gardens  is  rarely  if  ever 
genuine. 
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GER5IAK  WINES  AND  THEIR  ADULTERATIONS. 

Moselle  is  a  thin  wine,  resembling  the  Rhine  wines,  but  not  pos- 
sessino-  the  same  keeping  qualities  ;  it  is  a  common  practice  to  impart 
to  this  wine  by  artificial  means  the  flavour  of  the  wine  of  the  muscatel 
grape.  A  tincture  of  the  flowers  of  the  elder  is  prepared,  which  is  sold 
under  the  name  of  '  essence  of  muscatel,'  and  is  much  used  to  impart 
the  bouquet  to  sparkling  Moselle.  Thudichum  and  Dupre  state  that 
there  is  not  a  grape  of  muscatel  grown  on  the  Moselle  tit  for  wine- 
makino-,  that  there  is  not  a  single  barrel  of  wine  made  there  which 
naturally  has  the  muscatel  flavour,  and  that  all  the  wine  having  the 
flavour  which  imitates  it  is  made  up  with  tinctm-e  of  elderflowers. 
Much  of  the  tincture  is  imported  and  sent  into  England  and  there  used. 
Most  of  the  '  Moselle  with  the  muscatel  flavoiu- '  is  Rhine  wine  flavoured 
with  elder  flowers. 

The  yearly  report  of  the  Colog-ne  ( Chamber  oi  Oommere,  ley  •J, 
refers  to  the  adulteration  (or  rectification,  as  it  is  termed)  of  German 
wines.  Last  year,  it  appears,  this  adulteration  was  carried  on  to  an 
alarmino-  extent  among  nearly  all  the  vineyard  proprietors  of  the 
Moselle,"  and  among  many  of  tlie  makers  of  the  Palatinate.  Unsugared 
natm-al  wines  are  now  scarcely  to  be  met  with  in  the  Moselle  district,  and 
the  addition  of  sugar  goes  hand  in  hand  with  liberal  dilutions  with 
^vater  and  the  usual  addition  of  spirit.  The  mixture  is  fermented 
with  gi-ape  husks  ;  it  is  then  styled  wine.  Last  season  18,000  cwts  ot 
common  woirrfo  sugar  were  despatched  from  Coblentz  up  the  MoseUe, 
and  considerable  quantities  were  sent  to  the  Upper  Rhine,  so  that 
many  cellars  now  contain  more  1873  wine  than  the  vineyards  produced 
Only  an  abundant  crop  can  check  this  practice,  and  potato  sugar  should 
be  subiected  to  the  same  tax  as  grape  sugar. 

We  have  been  given  to  understand  that  Bingen  is  a  great  centi-e 
for  the  adulteration  of  Rhine  wines.  The  must  is  there  frequently 
diluted  and  sugared,  glycei-in  being  also  much  used. 


GREEK  WINES  AND  THEIR  ADULTERATIONS. 

Of  Greek  wines  the  quality  varies  gi-eatly  according  to  the  source 
and  method  of  vinification  adopted,  but  this  in  many  parts  is  exceed- 
ino-lv  imperfect, '  so  that  the  wines  contain  more  volatile,  i.e.  acetic, 
acid,  than  any  others  which  we  have  met  with.  Many  wines  last  only 
through  the  winter,  and  in  smnmer  tm-n  into  vinegar.  To  avoid  tliis 
result  the  proprietors  stiU  adopt  all  the  horrid  preservatives  of  anti- 
quity, smoking  with  ^oood  smoke,  or  vapom-  of  resvns  mch  as  mastic 
llibanum,  cloves,  Modus  wood,  Buchari-Jagh  and  hhdanum.  The 
Oommendaria  (Cyprus)  wine  is  said  to  get  its  flavom-  from  these  resins 
.rums  and  spices;  which  are  suspended  in  the  wine,  enclosed  in  a 
ba<.-;  pitching  the  barrels,  adding  twr^je^/iwe  and  real;j»fes;  gypsum, 
chalk,  salt,  aSd  tannin,  particularly  in  the  form  of  hypencmi  perfo- 


TTINE  AND  ITS  ADTJLTEHATIONS. 


785 


rntum,  a  resiuo-taBnous  plant,  wMcli  is  said  to  conserve  and  colour 
wine  yellow.  Most  wine  has  also  the  addition  of  taste  and  smell  of 
the  goat,  in  the  hides  of  which  it  is  kept  or  transported.  In  Cyprus 
■and  other  parts  jars  are  still  in  use,  but  in  Sautoriu  and  other  islands 
barrels  are  beconiiup:  more  frequent.' — Thiidichum  and  Duprd.  The 
ATines  produced  in  the  Ionian  Islands  are  all  stated  to  be  2^lustered. 


ATTSTEALIAJf  MTCNES. 

The  cultivation  of  the  vine  is  gradually  extending  in  New  South 
Wales,  the  climate  of  many  parts  being  exceedingly  well  adapted  to 
its  growth.  Many  of  the  wines  are  distinguished  by  their  strength, 
robustness,  flavom-,  and  bouquet,  and  are  really  excellent. 

That  the  soil  and  climate  of  Australia  are  highly  favourable  to  the 
growth  of  the  \-ine  is  imquestionable.  The  climate  is  sunny  and  dry  ; 
tile  soil  ferruginous,  iron  being  an  important  constituent  of  a  vine- 
bearing  soil.  In  the  year  1870,  nearly  two  million  gallons  of  wine 
were  made  in  Australia,  part,  of  which  was  imported  into  this  country. 

The  following  analyses  were  made  by  ourselves  a  short  time  since. 


Specific  gravity  at  lo-o°C. 
Absolute  alcohol  by  weight 
Proof  spirit 
Grape  sugar 
Total  acid,  as  tartaric 
Acetic  acid 
Phosphoric  acid 
Bitartrate  of  potash  . 
Total  solids 

Ash  

Alkalinity  of  ash 


Bed  Wines. 

White  Wine. 

093-3 

999-4 

990-1 

987-4 

oni-fi 

992-G 

991-3 

990-5 

12-57 

13-44 

12-00 

14--I4 

10-80 

9-50 

14-40 

10-80 

27-2C 

29-04 

26-00 

31-20 

23-44 

20-63 

31-18 

23-44 

0-29 

0-1 

0-06 

0-05 

0-03 

0-Sl 

0-94 

0-G4 

0-48 

0-71 

0-67 

0-83 

0-75 

0-18 

0-20 

0-on 

0-07 

0-10 

0-19 

0-18 

0-10 

0-048 

0-039 

0-04S 

0-032 

0-025 

0-018 

0-034 

0-038 

0-0C2 

0-143 

0-040 

0-034 

0-068 

0-093 

0-081 

2-65 

3-32 

2-19 

2-01 

2-41 

1-43 

2-26 

1-79 

0-24 

0-24 

0-2o 

0-2G 

0-28 

0-24 

0-22 

0-15 

0-18 

0-14 

0-19 

0-19 

0-19 

0-18 

0-OG 

0-099 

For  further  particulars  in  reference  to  these  wines,  see  reports  in 
Ihe  Lancet '  by  the  author. 


THU  DETECTION  OP  THE  ADULTERATIONS  OP  WIATI. 

We  haveah-eady  entered  very  fully  into  the  questions  of  the  com- 
;  position  and  analysis  of  wine.    We  have  in  this  place,  therefore,  onlv 
to  give  the  processes  for  the  detection  of  the  principal  substances  em- 
ployed in  Its  adulteration.    These  are  cane  sugar,  spirit,  the  juice  of 
Iruits  other  than  the  grape,  as  of  rhubarb,  gooseberries,  apples  and  pears  ■ 
■  colouring  matters,  as  those  of  the  elderberry,  Hack  cherry,  bilberry,  loql 
.  woodrnd  Brazilwood,  cochineal,  mallo2uJlowers,  sulphuric  acid,  derived 
Irom  plasteriDg  and  sulphuring ;  carbonrrtes  of  soda  and  potash,  and  lead 
Detection     cane  sugar.— cane  sugar,  when  added  to  the  must 
ot  grapes  or  to  the  wine  itself  becomes  quickly  transformed  into 
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fflucose,  and  lience  its  detection  is  often  a  matter  of  impossibilitr. 
But,  if  only  recently  added  to  wine,  there  may  not  have  been  tune  for 
its  transformation  into  glucose,  and  in  this  case  it  may  be  discovered 
in  the  usual  manner  by  conversion  into  glucose  by  means  ot  dilute 
sulphuric  acid,  as  already  before  more  than  once  descnbed. 

We  have  ourselves  frequently  met  with  cane  sugar  m  Hambro 
and  other  imitation  sherries.  •       n  i  i  i 

Detection  of  extraneous  .spni— Provided  the  spirit  added  has  been 
well  rectified,  'it  is  impossible  to  distinguish  it  from  that  natural  to  the 
wine  and  hence  we  are  only  able  to  pronounce  that  the  wine  has  been 
fortified  when  the  amount  present  exceeds  that  which  the  must  itselt 
capable  of  furnishing.  This  amount  varies,  as  we  have  already 
5a  with  the  kind  of  wine  and  within  certain  limits  with  the  same 


13 

seen, 
wine 


The  hio-hest  amount  which  even  the  richest  must  is  capable  of  fur- 
uishino-  rarely,  if  it  ever,  exceeds  28  percent,  of  proof  spirit,  but  it  is 
uot  at'kll  a  common  thing  for  this  amount  of  spirit  to  be  contained  m 
finy  natm-al  wine,  though  in  some  cases  and  m  certain  wines  this 

Quantity  is  reached.  .     ~  ,    <.  f 

Even  if  the  must  were  rich  enough  to  permit  of  the  formation  ot 
a  hio-her  amoimt  of  alcohol,  it  could  not  do  so,  since  fermentation  is 
stopped  in  any  liquid  containing  15  per  cent,  of  absolute  alcohol  by 
volume,  equal*  to  26-66  per  cent,  of  proof  spirit.  ..^  ,  • 

If  the  spirit  added  were  very  impure,  and  a  large  quantity  ot  wine 
were  operated  upon,  it  might  be  detected  by  careful  distillation  and 

rectification.  ^  ,  -kt       j.  • 

Detection  of  juice  other  than  that  of  the  ffrape.—^o  certain  or  satis- 
factory methods  have  as  yet  been  devised  for  the  detection  of  foreign 
yeo'etable  iuices  after  they'have  imdergonefennentation,_and  especiaUy 
when  adniixed  with  the  fermented  juice  of  the  grape.  _  Itis  qmte  withm 
the  range  of  probability,  however,  to  suppose  that  satisfactoiy  methods 
of  discnmination  will  ultimately  be  devised.        . ,     , ,  .  . 

Bhuharh,  as  is  well  known,  contains  a  considerable  amount  ot 
oxalate  of  lime,  and  hence  if  in  the  lees  of  any  wine,  particidarly  cham- 
pao-ue,  the  characteristic  octahedral  crystals  of  this  salt  ^ere  seen  by 
Fneans  of  the  microscope,  the  presence  of  rhubarb  might  with  tolerable 

"^'Se%tS5rackl  of  the  rjooselerry  is  malic.acid  whereas  that  of 
the  cnrape  is  tartaric  acid.  Now,  in  those  cases  m  which  we  have  to 
deaSply  with  a  wine  the  produce  of  the  grape,  and  with  one  made 
from  ^oosJberry  juice,  the  discrimination  woidd  be  easy  enough  by 
deterSng  the  natui4  of  the  principal  acid  present  in  each  case,  and 
by  as  far  as  practicable,  the  estimation  ot  their  amounts. 
^ '  But  he  c  ifiiculty  of  discrimination  would  of  course  be  en- 
hanced when  the  two  wines  are  blended  together,  and  it  will  be  still 
fSher  Sreasec?  in  those  cases  in  which  the  wine  had  been  subjected 
to  the  operation  of  plastering  as  well. 


WINE  AND  ITS  ADULTERATIONS. 


787 


The  acid  of  apples  and  j^ears  is  tlie  same  as  that  of  gooseberries,  and 
therefore  by  it  one  could  not  distingiiisli  whether  the  admixture  con- 
sisted of  gooseberry  or  apple  wiue,  but  we  believe  that  the  discrimiu- 
ation  might  be  effected  by  the  aroma  and  flavour  of  the  warm  extract 
of  the  wine,  or  better  still  by  the  odom-  of  the  alcoholic  distillate, 
which  woidd  contain  the  verj^  characteristic  volatile  constituents  of  the 
apple  and  pear :  apples  contain  a  notable  quantity  of  a  peculiar  and 
distinctive  oil,  termed  apple  oil.  We  believe  that  the  odour  of  the 
warm  extract  will  in  many  cases  afford  a  clue  to  the  vegetable  sub- 
stances 'employed  in  the  sophistication  of  wine.  Thus  the  smell  of 
elderberries  is  in  some  cases  quite  recognisable. 

According  to  F.  F.  Mayer,  wine  made  from  fruits,  as  apples  or 
pears,  contains  phosphate  of  lime,  while  gi-ape  wine  contains  phosphate 
of  magnesia.  If  to  about  nine  parts  of  wine  one  part  of  ammonia  be 
added  and  the  mixtm-e  be  allowed  to  stand  for  twelve  hom-s,  cider  and 
perry  deposit  tabular  crystals  which  firmly  adhere  to  the  sides  of  the 
glass,  while  grape  wine  gives  a  precipitate  which  does  not  adhere  to 
the  glass,  and  is  found  under  the  microscope  to  consist  of  small  stellar 
crystals  of  ammonio-phosphate  of  magnesia.  According  to  Mayer  a 
mixture  of  one  part  of  periy  and  three  parts  of  grape  wine  still  gives 
the  crystals  characteristic  of  cider  or  perry,  but  it  may  be  doubted 
whether  a,ll  wines  behave  in  this  manner,  and  whether  phosphate  of 
:  magnesia  is  a  constituent  of  all  genuine  wines. 

Detection  of  colouriru/  matters. — The  satisfactory  detection  of  these, 
•  especially  when  foimd  in  wine,  and  when,  theii-  properties  have  been 
;  altered  by  keeping-,  perhaps  for  many  years,  constitutes  one  of  the  most 
I  difficult  of  tasks,  even  when  we  bring-  to  our  aid  spectrum  analysis. 

Very  much  has  however  been  wi-itten  on  this  subject,  of  more  or 
I  less  value.  In  some  cases  the  attempts  at  discrimination  are  of  a 
!  general  character,  and  are  directed  to  the  object  of  simply  ascertaining 
'  whether  the  wine  contains  any  other  red  colom'ing  matter  than  that 
;  derived  from  the  grape.  In  other  cases  efforts  have  been  made  to 
:  identify  the  particular  colom-ing  matter  employed. 

We  will  now  proceed  to  give,  in  as  brief  a  form  as  possible,  the 
!  more  miportant  particulars  which  have  hitherto  been  made  known. 

Method  of  M.  Fb.^/eZ.— This  chemist  has  recommended  acetate  of 
llead  for  the  detection  of  extraneous  colouring  matters  in  red  wine, 
W^ith  this  reagent  he  states  that  genuine  red  wine  gives  a  greenish 
:  grey  precipitate,  but  that  in  the  case  of  ^vine  colom-ed  with  the  juice 
-  of  bilberries,  elderberries,  or  Campeacliy  wood,  the  precipitate  is  deep 
I  Diue,  while  with  Brazihcood,  red  sanders,  and  beet,  it  is  red.  Wine 
■  coloured  with  beetroot  is  also  rendered  colom-less  by  lime  water,  but 
:  the  wealv-est  acid  brings  back  the  colom\ 
,.~^'^'^°'^''l'"o  to  Berzelius,  the  colouring  matter  of  red  wine  gives 
different  colom-ed  precipitates  with  diacetate  of  lead,  according  to  the 
sage  of  the  wine,  and  that  in  new  red  wine  the  precipitate  is  generally 
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blue.  If  tMs  is  correct,  the  value  of  tlie  test  of  Yogel  is  of  course  mucli 

"^'""iSiSrUus's  statement  seems  opposed,  however,  to  tlie  follomng  ex- 
BoriS  of  I^hasaWy  been  remarked  that  the  co  our  of 

S  m'nes  is  derived  from  the  coloiu-in<^  matter  located  m  the  slans  of 
ite  ™  In  order  further  to  assure  himself,  he  prepared  a  quantity 
S  S  skins  reduced  them  to  powder,  and  treated  them  ^suth  alcohol. 
ThS  took  up  part  of  the  colouring  matter,  and  when  acetate  of  lead 
A  +L  same  cvreyish  green  precipitate  was  ohtamed.  Lastly, 
rrnt?f  V  sl4eTth^^^^^  experimented  upon  by 

VotT  we.;  new  wines,  and  were  made  by  himself  from  black  grapes 

Sffil^s'tXP^^^^  witl.  acetate  of  lead  irom  an  in- 
Mitcneu  buitc       ^^„,.,^ip%„rl  and  that  if  the  colom-mg  matter  be 
'r;ilSl  rtll^K^^^^^  l^-.    with  the  Jmce  of 

S  tie  colou?  is  puce ;  when  diluted  with  water  the  tint  becomes  a 

^'''iSSo/ arf.r.-Solution  of  caas^^^ 

red  wine  in  such  quantity  as  to  neuti-ahse  all  the  acid,  causes  the 
led  wine  m  ^"^^"^  i        -^^  .  and  after  some  time  to 

shown  in  the  foUowing  table  :— 


,  Colour  produced  by  Potash- 

Wine  coloured  with—  ^  ' 

Purple. 

Reddish  purple. 
Purplish. 


Elderberries 
Louwood  . 
Ked  mulberries 
Brazil  wood 
Beetroot  juice 
Litmus 


Red. 
Red. 

Light  violet. 


i^:n5wthCLp%?d%^r^^^^^^^^     of  alumina  and  carbonate 

a^^ 

""^TuTntelsitV  w  i^L  he  quantity  of  colom-ing  matter  added ;  with 

poppy  of  a  '^''*'-9^-ZT}\Z\mv\oxB^  :-A  solution  of  sulphate  of  alu- 

•  "^^^3  %ontain^^' ^^^^^^^^^^^^^  -It  to  100  of  water-  about 

mma  was  made,  containin  ^  quantity  of  wine, 
half  a  drachm  of  this  solutio^^^^^^^ 

and  then  about  12  to  1^  ^  precipit<ate  of  alumma  was 

carbonate  of  ammonia  to  100  ot  wate^  A-^^  ^^^^^^^ 

immediately  produced,  variously  ^"^^^^f^^^^^f  ^precipitant  must  not 
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to  allow  of  the  discrimination  of  the  substance  employed.  The  action 
is  most  marked  after  the  lapse  of  seven  or  eight  minutes. 

Method  of  Nees  Van  Esenheck. — The  process  of  Nees  Van  Esenheck 
is  but  a  modification  of  the  preceding-  method,  that  chemist  using  alum 
and  carbonate  of  potash. 

These  reagents,  -with  normal  wine,  give  a  dullish  grey  precipitate 
liaving  a  more  or  less  decided  red  tinge.  An  excess  of  alkali  redis- 
solves  part  of  the  precipitate,  the  remainder  being  ash  grey.  If  the 
wine  be  new,  the  residuary  precipitate  possesses  a  greenish  tinge. 

Wine  coloured  with  the  colom-ing  matter  of  the  petals  of  red  poppy 
gives  a  brownish  grey  precipitate  wliich  becomes  black  by  excess  of 
alkali. 

Coloiu'ed  with  privet  berries,  it  gives  a  brownish  violet  precipitate. 

Colom-ed  by  elderberries,  a  violet  precipitate ;  by  Brazilioood,  a 
greyish  violet ;  and  hj  logivood,  a  rose-colom-ed  precipitate. 

It  therefore  follows,  from  the  experiments  of  Nees  Van  Esenbeclr, 
that  all  those  wines,  which  give  with  the  reagents  above  named  bluish 
violet  or  rose-coloured  precipitates,  are  artificially  colom'ed  or  adulte- 
rated with  foreign  colouring  matters. 

The  reagents  must  be  employed  by  means  of  solutions  of  definite 
strength — namely,  one  part  of  alum  to  eleven  of  water,  and  for  the 
other  solution  one  part  of  carbonate  of  potash  to  eight  parts  of  water ; 
the  wine  and  the  alimi  solutions  are  to  be  mixed  together  in  equal  pro- 
portions, and  the  solution  of  potash  gradually  poured  in,  imtil  the 
whole  of  the  alumina  is  precipitated. 

Method  of  Cottini  and  Fantogf/ini. — For  the  discrimination  of 
genuine  red  wines  and  artificially  coloured  red  wines  Cottini  and 
Fantoggini  recorumend  ('  Annali  di  Ohimica  appl.  aUa  Medicina ')  the 
addition  to  50  cc.  of  the  wine  to  be  tested  of  6  cc,  of  nitric  acid  of  42° 
Baume,  and  to  heat  the  mixture  fi-om  90°  to  95°  C.  Natural  wine, 
they  state,  is  not  altered  by  this  treatment,  even  after  the  lapse  of 
hom-3,  but  artificially  coloured  wines  are  said  to  lose  their  colour  within, 
five  minutes. 

But  F.  Sestini  has  shown  Landwirthschaftliche  Versuchssta- 
tionen,'  15.  9),  that  the  above  statement  hold  goods  only  with  the 
wines  of  Tuscany,  and  that  the  red  wines  of  France  and  of  the  Eo- 
magna  of  undoubted  genuineness  are  also  quickly  decolorised  by  nitric 
acid. 

M£thod  of  Buclcmx. — E.  Duclaux  has  published  (Ocmptes  rend.) 
methods  for  the  discrimination  of  genuine  red  wine  from  that  coloured 
with  the  colouring  matter  of  thejloiuers  of  the  malloiv,  with  that  of  the 
kermes  insect  {coccus  ilicis)  and  of  cochineal.  For  detection  of  the  first, 
he  malves  use  of  the  fact  that  the  colouring  matter  of  the  wine  becomes 
insoluble  by  the  action  of  oxygen,  while  that  of  the  mallow  is  rendered 
more  easily  soluble. 

For  the  detection  of  cochineal  Duclaus  recommends  the  spectro- 
scopic examination,  proposed  by  Phipson. 
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Tor  the  discrimination,  lastly,  of  the  kermes  from  genuine  red  wine, 
he  adds  a  little  piece  of  sodium  amalgam  to  the  ^Yine.  Genuine  wme 
is  said  to  remain  unaltered,  or  to  change  only  very  slowly,  whilst  that 
colom-ed  with  kermes  immediately  loses  Its  colour. 

Method  of  Boyer  ancV  Coulet.-F.  Boy er  and  H.  Coulet  (Oompt. 
rend  76)  propose  to  make  use  of  wool  dyed  yellow  by  means  of  chro- 
uiate  of  potash.  Such  wool,  boiled  for  some  time  with  genuine  wine, 
assiunes  a  characteristic  light-hrown  colour,  no  matter  m  what  country 
the  wine  is  grown,  whUe,  if  the  wme  he  artihcially  coloured  with 
aniline  dyes,  especially  with  fucJmn,  the  wool  is  dyed  red 

Wine  coloured  with  cochineal  does  not  change  the  tint  ot  the  wool, 
but  exti-act  of  Brazil  looocl  gives  rise  to  a  dark  wine  red,  and  extract 
of  Ccmmeachy  wood  to  a  brown  or  brown-black  coloiir.  A  mixtm-e 
of  Oampeachy  and  of  Brazil  wood  exti-act,  dyes  the  wool  from  iron-gi-ey 

*°  ^^Mdiiod  of  Shuttleivorth.-E.  B.  Shuttleworth  ('  American  Joiim. 
of  Pharm.'  4)  recommends  for  the  detection  of  extraneous  colouring 
matters  in  port  wine  the  spectroscopic  examination  and  the  employ- 
ment of  amylic  alcohol,  first  recommended  by  Giuseppe  Romei.  The 
colom-ing  matter  of  genuine  port  wine  is  not  dissolved  by  fusel  oil, 
and  if,  therefore,  on  shaking  the  wine  with  some  amylic  alcohol  this 
is  coloured  red,  extraneous  colouiing  matter  has  been  employed. 

Method  of  DieincA.-E.  Dietrich  CArchiv.  der  Phai-m. )  has 
studied  the  behaviour  of  dUute  genuine  red  wme  and  that  coloured 
artificially  towards  acetate  of  lead,  sulphate  of  copper  and  baiyta 
waS  fie  employed  10  per  cent,  solutions  -{'^^^^l^^^jt 
dilutes  the  wine  with  20  times  its  bulk  of  ^^^f  ,  ^^^d- tT  bein^ 
these  reao-ents  is  rendered  quite  colourless,  a  feeble  tmbidity  being 
nroduced"but  artiticiallv  coloured  wine  assimies  a  violet  blue  or  gi-een- 
Surcolour!  Dietrich,  however,  omits  to  state  what  the  wme  he 
PTiipvimented  upon  was  coloured  with. 
^  sS-^lopic  fcVmn«^»W.-Mr.Sorby,as  IS  well 
anphecUhe  siectro-microscope  to  the  discrimination  of  various  coloui- 
?Jg^  matters,  particularly  those  employed  in  the  artificial  coloration  of 

"^"""The  nm-e  colour  of  fresh  dark  grapes  is  best  prepared  l^J  remo^dng 
the  sMnsTeatino.  them  in  alcohol,  evaporating  the  solution  to  dryness 
^SistMnVlt  fn  a  little  water/filtering,  and  again  evaporating  to. 
diySessl^a  small  saucer,  in  which  the  colom:  may  be  kept  as  a  stift 

'^''SX  ?SiSrf  L  colour  thus  prepared  is  its  tendency 

grapes  p™-ed  as  above 
directed  whkh  has  not  been  previously  evaporated,  fades  veiy  rapid 
rbecome?^^^^^^^  colourless.' but  when  ^^^^^^J^^^ 
drjmess,  or  if  some  strong  acid  be  added  to      .^^^^  ""^^S^^^ied  and. 
restored.    To  obtain  the  same  depth  of  the  spectrmn  ot  tfie  laaea  ana 
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■of  tlie  uncliaBg-ed  solutiou,  it  is  necessary  that  tlie  stratum  of  the  first 
•should  be  about  five  times  as  thick  as  that  of  the  latter. 

If  some  hypochloride  of  soda  be  added  to  the  newly-prepared 
solution  it  then  gives  the  same  spectrum  as  wine  after  fermentation, 
.and  if  more  hypochloride  be  added,  the  colour  of  the  wine  becomes 
much  lighter,  and  the  spectrum  is  then  identical  with  that  of  wine 
kept  in  cask  for  many  years.  It  appears,  therefore,  that  the  coloiu:  of 
•  old  wines  is  lighter  than  that  of  the  newly-prepared  grape  juice,  because 
the  colouring  matter  is  altered  by  oxidation. 

By  this  change  of  colom-  and  by  the  consequent  altered  position  of 
the  absorption  band  in  the  spectrum,  Mr.  Sorby  affirms  that  he  is 
enabled  to  judge  of  the  age  of  a  red  wine  within  certain  limits — the 
position  of  this  band  being  more  and  more  towards  the  violet  end  of 
the  spectrum  the  older  the  wine. 

Ml-.  Sorby  states  that  the  only  cases  in  which  the  spectrum  method 
•can  be  easily  applied  to  the  detection  of  foreign  colouring  matters  in 
vsdne  are  those  in  which  the  wine  is  mixed  with  logiooocl,  Brazil  tvood, 
Rhatany  root,  and  the  berries  of  the  Virginian  Poke  {Phytolacea 
decandra)  :  he  declares,  however,  that  he  has  not  detected  these  sub- 
tstances  in  anj^  wines  of  commerce  that  he  has  as  yet  examined. 

For  the  detection  of  logwood  or  Brazil  wood,  the  wine  is  treated  as 
foUows  : — it  is  agitated  with  ether,  which  remains  quite  colom-less  if 
those  colom-ing  matters  be  not  present,  but  becomes  more  or  less  deep 
yeUow  if  either  has  been  added.  The  ethereal  solution  is  evaporated 
to  di-yness,  the  residue  dissolved  in  a  solution  of  carbonate  of  anunonia, 
when  the  liquid  is  ready  for  observation. 

'  In  both  cases  this  develops  a  single  very  distinct  absorption  band 
"in  the  gTcen,  that  characteristic  of  logwood  being  situated  at  4|  of  my 
scale,  while  that  of  Brazil  wood  is  fiu-ther  from  the  red  end,  at  5^,  and 
the  solution  is  sti'ongly  fluorescent,  of  a  pecidiar  orange  colour.  These* 
spectra  are  so  characteristic  and  can  be  so  easily  compared  with  those 
of  the  substances  themselves,  that  an  extremely  minute  quantity  of 
either  would  be  detected  with  certainty.' 

Rhatany  root  may  be  detected  by  evaporating  the  wine  nearly  to 
diyness  and  exhausting  the  residue  with  alcohol.  The  solution  is 
poiu-ed  off",  and  after  it  has  become  quite  clear  it  is  examined  with  the 
.spectroscope.  There  is  a  moderately  distinct  band  at  3f  of  Sorby's 
scale,  and  a  fainter  at  1\. 

The  berries  of  the  Virginian  Poke  contain  a  colouring  matter  which 
is  characterised  by  a  band  at  4|  and  one  at  7f ,  both  of  which  are  more 
distinct  in  alcoholic  solution  than  when  dissolved  in  water. 

'  These  substances  may  be  changed  by  keeping  long  in  solution, 
and  therefore  might  not  be  detected  in  old  wines.' 

For  fuller  details  the  reader  is  referred  to  vol.  xv.  p.  432,  of  the 
Proceedings  of  the  Eoyal  Society,'  and  to  vol.  xxxvi.  p.  358,  of  the 
'  Quarterly  Jom-nal  of  Microscopical  Science.' 

It  is  strange  that  Mr.  Sorby  makes  no  reference  to  elderberries. 
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the  colouring'  matter  of  -which  is  so  commonly  added  to  the  red  wines^ 
especially  port. 

Genuine  port  -wine,  according  to  Thudichum  and  Dupre,  gives  a 
spectnun  showing  a  hroad  absorption  band  in  yellow,  and  a  continued 
absorption  of  the  blue  and  violet,  but  the  jiiice  of  elderberries  gives  a 
spectrum  showing  a  narrow  absorption  band  in  red  and  two  absorption 
bands  in  blue.  Every  port  wine  or  other  wine  yielding  this  spectrum 
has  been  dyed  with  elderberry,  but  the  absorption  bands  are  lost  to  a 
great  extent  as  the  wine  becomes  aged. 

Detection  of  sulphuric  acid. — The  total  amount  of  combined  sul- 
phuric acid  present  in  the  wine  is  to  be  determined  in  the  usual  manner, 
and  calculated  for  sulphate  of  potash.  From  the  amoimt  of  this  salt 
present  a  deduction  of  36  grains  per  gallon  is  to  be  made,  this  being 
the  fidl  quantity  of  sulphate  of  potash  ever  likely  to  be  present  in  any 
wine  made  from  the  grape  only. 

Detection  of  carbonates  of  soda  and  potash. — When  these  alkalies  are 
added  to  wine  with  a  view  to  diminish  the  acidity,  they  are  of  course 
decomposed,  tartrates  of  soda  and  potash  being  formed.  We  therefore 
should  obtain  the  ash  of  50  cc.  of  the  wine,  and  make  the  usual  quan- 
titative determinations  of  the  alkahes,  comparing  the  amoimts  with 
those  found  in  the  ash  of  genuine  wine.  ,.111, 

Detection  of  lead.— Pioceaaes  for  the  detection  of  this  metal  will  be^ 
found  described  in  the  articles  on  '  Water'  and  '  Vinegar.' 


Soleras. 

'  The  best  wines,'  according  to  Thudichiun  and  Dupre, '  which  come 
under  the  description  of  vino  fine,  Amontillado  and  Manzanilla  are 
used  for  the  production  or  keeping  up  of  soleras.  A  solera  is  a  thing- 
kept  by  itself;  a  solera  wine  is  a  choice  old  cabmet  article,  boieras 
aa-e  not  used  for  drinldng  but  for  blendmg  with  other  lands  to  give 
them  the  character  of  age  and  ripeness,  and  otherwise  to_  improve  their 
flavour  and  qualities.  These  wines  are  kept  m  stock  m  butts  from 
vear  to  vear,  the  proprietor  drawing  off  a  portion  of  the  stock  tor  mix- 
in-r  with  wines  about  to  be  exported,  and  making  up  the  original 
quantity  by  an  addition  of  an  equal  amoimt  of  the  finest  wine  ot  a  later 
vintat^e  which  he  can  obtain.  Solera  wine  is  therefore  a  _mixtm-e  ot 
several  lands,  but  the  special  peculiarity  is,  that  these  mixed  wines 
undero-o  and  induce,  the  one  fi-om  the  other,  a  process  of  speedy  ether- 
ilication.  According  to  Thudichmn  and  Dupre,  '  the  process  becomes 
so  potent  in  some  soleras,  that  they  are  absolutely  nasty  and  nndrmk- 
able,  like  most  essences,  but  command  prices  from  800/.  to  I,UOW.  per 
butt  on  account  of  the  large  quantity' of  flavoiu  ess  wines,  which  a 
certain  small  amount  of  them  is  able  to  infect  with  the  desired  sherry 
flavoiu-.  The  solera  wine  is  thus  seen  to  con-espond  to  the  liqueur  used 
in  the  manufacture  of  champagne.' 
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CHAPTER  XLVI. 

SPIRITUOUS  LIQUORS  AND  THEIR  ADULTERATIONS. 

AicoHOL  is  the  principal  and  most  valuable  constituent  of  all  fer- 
mented beverages,  as  of  beer,  wine  and  spirits,  beer  containing-  only  a 
verv  moderate  amount,  wine  a  mediimi  quantity,  but  spirits  moat  of  all, 
the" variation  in  the  amount  ranging  from  3  per  cent,  as  in  the  case  of 
weak  beer,  up  to  over  50  per  cent,  as  in  that  of  undiluted  spirits. 

Alcohol  is  formed  from  all  liquids  subjected  to  fermentation  with 
yeast  or  other  nitrogenous  substances,  which  either  contain  sugar  or 
which  by  special  treatment  are  capable  of  fm-nishing  that  substance, 
as  starch  and  icoodi/  fibre  under  the  influence  of  diastase  or  dilute 
sulphuric  acid.  It  does  not  matter  what  the  kind  or  som-ce  of  the  sugar 
may  be,  as  glucose,  imder  which  are  included  dextrose  and  Icsvulose, 
miik  sugar  and  cane  sugar  all  fiu-nish  alcohol,  milli  sugar  being  con- 
verted prior  to  its  transformation  into  galactose,  and  cane  sugar  into 
glucose  in  the  form  of  invert  sugar,  which  is  a  mixture  of  dextrose  and 
Isevulose. 

At  the  same  time  that  the  alcohol  is  formed  from  the  sugar,  carhonic 
acid  is  lilvewise  generated ;  the  formula  whereby  these  decompositions 
are  represented  is  as  follows : — 

Glucose,  C6HinOe=2  CoHeO,  Alcohol,  +  2  COs,  Carbonic  acid. 

But  since  the  various  infusions,  as  of  immalted  grain,  malt,  potatoes, 
sugar,  molasses,  the  juice  of  fruits,  as  of  the  apple,  pear  and  gi'ape, 
contain  a  variety  of  other  substances  besides  the  sugar  or  matters  con- 
vertible thereinto,  Avhen  these  liquids  after  fermentation  are  subjected 
to  distillation  a  number  of  other  volatile  products  besides  the  alcohol 
pass  over  into  the  receiver. 

Thus  in  the  case  of  molasses  butyric  ether  is  produced  in  quantity 
sufficient  to  impart  to  the  rum  much  of  its  characteristic  aroma ;  in 
that  of  the  grain  and  potato,  fusel  oil,  which  also  gives  to  the  spirit 
its  peculiar  flavour,  odom  and  other  properties,  and  in  the  case  of  v/ine- 
and  brandy  amanthic,  as  well  as  some  o.ther  ethers,  in  minute  quantities. 

Now  of  these  volatile  substances  some  are  very  valuable  constituents 
of  the  products  of  distillation,  as  the  cenanthic  ether  in  brandy,  but 
others  are  objectionable  on  account  of  their  smell  and  injin-ious  pro- 
perties, and  have  in  some  cases  to  be  removed,  as  tlie  fusel  oil  of  grain 
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and  potato  spirit,  where  an  alcohol  pure  or  nearly  pure  is  required,  and 
hence  recoiu-se  is  had  to  the  operations  of  rectification  and  defuselation. 

By  the  first  distillation  of  any  fermented  liquor  the  alcohol  which 
passes  over  is  diluted  with  a  very  large  quantity  of  water,  from  much 
if  which  it  has  to  be  freed  by  fractional  distillation,  and  where  absolute  ' 
alcohol  is  required  by  dehydration  with  chloride  of  calcium,  caustic  lime, 

or  carbonate  of  potash.  .   .  i     /•  i  j 

Althou"-h  in  the  present  article  we  propose  to  treat  only  ot  brandy,  | 
rum  and  gin,  yet  a  variety  of  other  spirits  are  made  and  extensively  i 
consimiecl  in  various  parts  of  the  world,  as  the  arrack  of  the  Hindoos,  f 
made  from  rice  or  thearaca  nut;  the  r«/>;7a,  also  made  from  nee,  ot  the  | 
Ttu-ks  •  the  sam-shoo  of  the  Chinese,  from  the  same  gi-aiu ;  the  toddy  oi  ■ 
.the  Hindoos,  from  the  cocoa-nut ;  thepjt^jtte  of  the  Mexicans,  from  the 
alo-ave-  the  chica  of  the  South  Americans,  from  maize  ;  the /cowmiss 
-of^the  Tartars,  from  mares'  milk ;  the  vodky  of  the  Kussians,  from  the 
potato,  and  the  tallah  of  the  Abyssinians,  fi'om  millet. 

Alcohol. 

Alcohol  in  its  pm-e  state  is  probably  perfectly  odourless ;  it  possesses 
^  biu-ning  taste,  is  quite  colom-less,  and  very  mobile  According  to 
Koppits^pecific  gi-avityat20°C.is  0-792,  at  15-o°  0-7939,  and  at 
0°  0-8095 :  it  boils  at  78-4°  0.  In  its  anhydrous  state  it  acts  as  a  poison, 
it  attracting  water  from  the  membranes  in  the  same  manner,  though 
in  a  less  degree,  as  oil  of  vitriol.  This  property  is  made  use  of  in  the 
t)reservatiou  of  animal  structm-es.  . 
^  Alcohol  as  yet  has  not  been  reduced  to  the  solid  state ;  at  very  low 
.temperatm-es,  however,  it  becomes  viscid. 

When  the  vapoiu-  of  alcohol  is  passed  through  a  red  hot  tube  hlled 
with  pimiice  stone,  a  great  variety  of  products  of  decomposition  ai^ 
formed,  amongst  which  are:w«ier,  hydrogen,  marsh  gas,  olefiant  gas, 

'^^^^^in  ^^/S^idds  only  carlonio  acid  ..^  .C.r,  but 
Tvhen  the  access  of  the  air  is  Imiited,  aldehyde,  acetic  acid  formic  acid 
T.rl  nfbPv  m-oXctsare  formed.  Concentrated  nitric  acid  decomposes 
Zt^ox  liltTll^^^^^  of  ethyl  (nitiws  ether),  biit  some 

Mwl^acetic,  formic,  saccharic,  oxalic,  glyo.vyUc  and  glycollic  acid. 

s'"on'™s";L-ic  acid  combines  with  alcohol  formmg 

+wn  r,m-ts  of  strono-  sulphiu-ic  acid  and  the  mixtm-e  heated  to  boiling, 
twopaitsot  stiou^  suipu  masses  over;  but  when  thi-ee  or  foiu- 

sulphuric  ox  ethylic  ether  passes        '  "^'^     -.^.^      -.qqo  q 

parts  of  sulphm-ic  acid  are  employed  and  heated  to  160  oi  1«U  u, 

"''^"^Jl^L'Im^iE^^  is  an  important  constituent  of  coal  gas,  it 
■has  beTn  p"  posed  to  m'anufactm-e  aiohol  i.or.  t^f^  ^^^^^'^S^ 
■     thi-ough  concentrated  sidphuric  acid,  to  dilute  the  solution  thus  OD- 
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taiued,  aud  to  distil  the  mixture,  Avhen  alcohol  passes  over.  At  the 
present  time,  however,  this  method  is  much  too  expensive  to  he  practi- 
cally employed. 

Preparation  of  Absolute  Alcohol. 

It  has  alreadv  heeu  said  that  the  greater  part  of  the  water  which 
passes  over  with  the  spirit  in  the  first  distillation  is  separated  by  sub- 
jecting the  mixture  to  repetitious  of  the  process,  but  the  spirit  obtained 
in  this  manner  will  still  retain  some  8  or  9  per  cent,  of  water,  the 
complete  removal  of  Avhich  may  be  eflijcted  by  the  aid  of  the  chemical 
substances  already  enumerated.  Other  substances  sometimes  used  for 
the  same  purposes  are  acetate  of  potash  and  sulphate  of  copper.  Ab- 
solute alcohol  is  best  prepared  as  follows  : —  _  ^ 

Well-diied  chloride  of  calciiun  is  added  in  thick  liunps  to  spirit  of 
CO  per  cent.,  and  the  mixtm-e  is  allowed  to  stand  in  a  weU-closed  vessel, 
it  being  shaken  from  time  to  time.  After  a  few  days  about  two-thii-ds 
of  the  liquid  are  distilled  off",  aud  if  necessary  treated  with  chloride  of 
calcium  a  second  time. 

When  a  bladder  is  filled  with  alcohol  containing  water,  the  water 
evaporates  thi'ough  the  bladder,  absolute  alcohol  at  length  only  re- 
maining. 

The  specific  gTa-sity  affords  the  readiest  means  to  ascertain  whether 
the  alcohol  is  absolute  or  not,  but  the  presence  of  water  may  also  be  de- 
tected by  the  addition  of  some  white  dehydrated  sulphate  of  copper 
if  this  tm-u  blue  by  the  absorption  of  water,  the  alcohol  is  not  yet 
absolute. 

Fusel  Oil. 

In  distilling  the  fermented  liquids  prepared  from  a  variety  of  sub- 
stances, as  from  various  descriptions  of  corn,  potato,  and  grapes, 
especially  the  mm-k  of  grapes,  various  volatile  bodies  besides  ethylic 
alcohol  pass  over,  and  since  most  of  these  have  a  higher  boiling  point 
tlian  alcohol,  they  come  over  chiefly  with  the  later  portions  of  the 
distillate. 

These  volatile  substances  have  received  in  the  aggregate  the  name  of 
fusel  oil,  but  this  really  possesses  a  very  complex  composition,  differing- 
somewhat  in  flavom',  taste,  and  composition,  according  to  the  source 
from  which  it  is  obtained.  The  odom-  is  heavy,  penetrating,  and  dis- 
agi-eeable,  and  the  taste  fiery  and  nauseous.  It  always  contains  ethylic 
and  amylic  alcohols,  and  also  fatty  acids  and  ethers,  and  frequently 
other  lighter  members  of  the  monatomic  alcohol  series. 

The  oil  from  the  potato  consists  almost  entirely  of  amylic  and 
■ethylic  alcohols,  the  former  constituting  the  greater  part,  and  the  latter 
being  capable  of  separation  by  agitation  with  water.  Sometimes 
potato  fusel  oil  is  found  to  contain  in  addition  tetrylic  or  hutylic  alcohol, 
CJI,„0. 

The  oil  obtained  from  the  murlv  of  gi-apes  has  been  ascertained  to 
yield  tritylic  ov  ivopylic  alcohol,  OjHgO. 
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Fusel  oil  from  IIimn;arian  -wines  has  heen  analysed  by  F.  Grimm, 
and  was  found  to  consist  chiefly  of  amy  lie  alcohol  with  a  little  ethylic 
alcohol,  hut  no  propylic  or  hutylic  alcohol.  The  chief  acid  was 
caproic  with  a  little  caprylic,  and  a  very  minute  quantity  of  oenan- 
thylic  acid,  hut  no  pelargouic  acid. 

In  most  kinds  of  fusel  oil  several  members  of  the  fatty  acid  series 
are  met  with ;  cnpric  acid  in  the  form  of  caprate  of  ainyl  has  been 
found  in  the  oil  from  Scotch  distilleries.  In  the  residue  obtained  in 
the  preparation  of  alcohol  from  wheat  and  maize,  Wetherill  foimd  acetic, 
caprylic,  fonnic,  caproic,  and  wnanthylic  acids.  Johnson  has  detected 
cajvic  acid  in  potato  fusel  oil.  Mulder  has  found  palmitic  and  ananthic 
acids,  a  very  small  quantity  of  wnanthic  ether,  and  an  unsaponifiable 
waxy  body  in  the  fusel  oil  from  rum. 

Fehling  obtained  from  the  fusel  oil  of  beet  molasses  not  only 
several  volatile  fatty  acids,  but  a  neutral  fat,  which  when  heated  gave 
off  the  odour  of  acrolein,  and  which  when  saponified  yielded  capric  acid. 

Perrot  foimd  in  the  fusel  oil  procm-ed  from  the  same  som-ce  various 
alcohols  and  ethers,  as  also  a  substance  in  the  form  of  a  fetid  liquid, 
having  the  formula  OgHioO,  which  distilled  over  at  about  200°  0. 

Although  some  of  the  fusel  oil  passes  over  with  the  alcohol,  yet  as 
it  has  a  higher  boiling  point  than  alcohol  much  of  it  remains  behind 
in  the  retorts,  as  also  some  acetic  acid  produced  by  the  oxidation  of 
the  alcohol. 

A  portion  of  the  acetic  acid,  however,  passes  over  with  the  alcohol, 
and  this  may  be  separated  by  distillation  with  carbonate  of  potassium, 
but  the  fusei  oil  is  more  difficult  of  separation,  and  is  best  removed  by 
means  of  bone  black  or  animal  charcoal.  _ 

Prop)ertics  of  fusel  oil.— Di:  Taylor  remarks  of  fusel  oil,  that  m 
small  quantities  it  produces  intoxication.  I  have  experienced  the 
effects  of  the  vapour,  and  found  them  to  be  giddiness,  accompamed 
with  a  feeling  of  suffocation  and  a  sense  of  falling.  Headache  followed 
which  lasted  for  half  an  hour. 

'  Two  drachms  of  the  oil  Ivilled  a  rabbit  in  two  hours,  three  drachms 
in  an  horn-,  half  an  ounce  in  a  quarter  of  an  hour,  and  one  ounce  m 

four  minutes.'  .-c  j  ■ 

Much  of  the  xmwholesomeness  of  spirit  nnperfectly  rectified  arises 
from  its  contamination  with  fusel  oil.  .... 

Detection  of  fusel  oil.— When  the  nose  is  applied  to  spmts  m  its 
hot  state  containing  fusel  oil,  the  vapom-  of  the  oU  irritates  the  eyes 
and  nostrils ;  it  has  very  nearly  the  same  smell  as  an  alcoholic  sohition 
of  cyanogen,  as  may  be  perceived  by  standing  near  the  discharge-pipe 
of  the  refrigeratory  worm  of  a  raw-grain  whisk-y  still,  bpirits  con- 
taminated with  fusel  oil  intoxicate  more  strongly  than  pm-e  spirits  ot 
the  same  strength,  and  excite,  in  many  persons,  even  temporary  trenzy. 

If  one  part  of  hydrate  of  potash,  dissolved  m  a  little  water  be 
mixed  with  150  parts  of  spu-its,  and  the  mixture  he  well  sh^alven,  then 
slowly  evaporated  down  to  15  parts,  and  mixed  with  15  parts  oi  dilute 
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sulpliiiric  acid  in  a  well-corlied  pliial,  there  will  soon  exhale  from  the 
mixtiu'e  a  pecidiar  offensive  odour  characteristic  of  the  quality  and 
origin  of  the  impure  spirit,  whetlier  ohtained  from  raw  grain,  from, 
malt,  potatoes,  rye,  arrack,  rum,  hrandy,  &c.  This  process  may  he 
used  also  for  testing  wines. 

The  Defuselation  of  Alcohol. 

The  separaticm  of  the  fusel  oil  invariably  contained  in  all  crude 
spirits  obtained  by  distillation  is  a  matter  of  Ci:)nsiderable  importance 
and  difficulty,  since  fusel  oil  imparts  to  spirit  a  peculiarly  unpleasant 
taste  and  smell. 

Although  the  boiling  points  of  ethylic  and  amylic  alcohols  are 
widely  different,  namely,  78-4°  0.  and  132°  C,  it  is  not  possible  to  sepa- 
Tate  the  two  alcohols  by  fractional  distillation,  since  fusel  oil  evaporates 
to  a  considerable  extent  even  at  ordinary  temperatiu-es. 

The  absorbing  power  of  icood  charcoal  is  the  means  most  generally 
made  use  of  in  the  defuselation  of  spirits.  The  charcoal  should  be 
Tecently  ignited  and  reduced  to  a  fine  powder.  The  spirit  must  be 
allowed  to  filter  slowly  through  it,  but  frequently  the  charcoal  is 
•directly  put  into  the  still,  where  it  retains  a  part,  but  by  no  means 
the  whole,  of  the  fusel  oil.  A  better  method  of  separation  is  to  pass 
tlie  vapour  of  the  spirit  before  condensation  thi-ough  a  sti-atum  of  wood 
charcoal. 

The  employment  of  a  layer  of  dioxide  of  manganese,  besides  the  use 
of  charcoal,  the  addition  of  slaked  lime  and  oi  soap-boiler'' s  lye  have  all 
been  recommended.  A  solution  of  chloride  of  lime  added  to  the  spirit 
before  rectification  is  frequently  employed.  Chloride  of  zinc  and  chloride 
of  calcium,  as  also  sulphate  of  copper  decomposed  by  caustic  potash, 
liave  been  proposed.  Lastly,  Ilunefeld  recommends  manganate  ofpotas- 
diim,  but  this  acts  both  upon  the  ethylic  alcohol  and  upon  the  fusel 
oil,  the  spirit  ha\dng  imparted  to  it  a  disagreeable  flavour. 

Milh  has  been  employed  for  the  defuselation  of  spirits.  Breton, 
recommends  olive  oil,  which  is  said  to  absorb  the  amylic  alcohol.  Soda 
soap  is  capable  of  retaining  20  per  cent,  of  its  weight  of  fusel  oil. 

By  cooling  the  spirit  to  be  freed  from  amylic  alcohol  to  - 15°  0.  the 
fusel  oil  faUs  to  the  bottom  and  may  be  separated. 

The  Physiological  Action  of  Alcohol. 
The  question  is  as  yet  by  no  means  settled,  whether  alcohol  when 
taken  into  the  system  is  absorbed  without  alteration  and  eliminated 
undecomposed,  or  whether  any  is  decomposed  and  oxidised  in  the 
blood.  It  is  certain  tliat  the  urine  of  persons  who  partake  freely  of 
ardent  spiiits  contains  large  quantities  of  alcohol,  which  may  be 
separated  by  distillation,  the  distillate  being  in  some  cases  inflammable. 
The  opinion,  however,  which  was  formerly  entertained,  that  the  alcohol 
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accumulates  in  certain  organs,  as  in  tlie  Iwer  and  brain,  seems  to  b& 
^vitllOut  foundation.  The  experiments  of  Dr.  Percy,  fetrauch,  Masmg, 
and  others  seem  to  show,  that  all  the  a  cohol  is  elimmated  as  such, 
whilst  Schuhnus  and  Anstie  affirm  that  a  part  disappears  m  the 

men  taken  in  small  quantities,  alcohol  aids  digestion,  hut  the 
habitual  use  of  larger  amounts  induces  a  thickemug  of  the  connective 
tissue  between  the  glands  of  the  stomach,  and  even  disappearance  of 
the  incS  It  causes  enlargement  of  the  liver,  and,  when  injected 
into'the  portal  vein,  augments  the  quantity  of  sugar.  Alcohol  lessens 
Ihe  secre^tion  of  carbonic  acid  through  the  lungs  and  also  the  elimi- 
natinrpower  of  the  Iddneys,  whilst  it  increases  at  first  the  force  of  the 
aS  of  the  heart,  but  eventuaUy  it  depresses  the  action  by  paralysing 
the  vaso-motor  nerves.  •  -i- 

On  the  nervous  system  alcohol  acts  as  an  anesthetic,  diminishing 
and  even  suspending  thought,  and  the  action  of  the  senses.  .  Althougk 
?n  some  cases  it  is  said  that  the  senses  are  sharpened  by  it,  yet  the 
experiments  of  Edward  Smith  show  that  this  is  not  the  case.  In 
modeTte  doses  alcohol  causes  a  feeling  of  comfort  and  exhilaration, 
but  d  Lent  spirits  behave  very  differently  in  this  respect  probably  in 
consequence  ot' their  containing  different  ethers  and  volatile  oils.  Thus 
sam-shoo  and  rald.i  cause  great  excitement,  followed  by  torpor  and  de- 
•nvpssion.  while  absinthe  is  very  hm-tful.  •  n  v 

^  The  voluntarv  muscular  power  is  greatly  lessened,  especially  by  the 
consiXtionof  iarge  quantities  of  ardent  spints,  ^nd  ^n  very  arg^ 
doses  the  respiratoiT  muscles  or  the  nerves  m  connection  with  them 
are  pa^^alvsed!  and  thus  death  is  not  unfrequButly  caused.  The  tem- 
peXi^  of  the  bodv  is  considerably  depressed  by  large  doses  of  alcohol 
S  this  £  abundantly  proved  by  the  evidence  of  Arctic  explorers,  a^ 
4t  John  Richardson,  Mr.  Goodsir,  Dr.  Iving,  Oaptam  Kennedy,  Dr 
1^  a^d  oihers,  wh^  found  the  use  of  alcohol  under  the  influence  of 

^T1S£^£^^^^  and  impair  nuti^tion.  by  Inn 
Alcoiioi  cippe  quantities,  the  reception  of  food; 

of  the  tissues  of  certain  organs  especially  of  the  livei,  the  nervous 
system,  the  heart,  lungs,  and  kidneys.  -Parkes. 

Methods  of  JEstimatinr,  the  Qucmtity  of  Alcohol  present  in  any 
Spirituous  Liquid. 
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tletermination  of  the  density  of  wliicli  they  have  been  constructed :: 
thus  we  have  saccharometers,  hydrometers,  alcoholometers,^  Sec. ;  hut  the 
principle  on  which  these  instruments  are  constructed  is  alilie  in  all 
cases.  By  the  sacvharometer  the  amount  of  extractive  matter  in  beer  or 
other  alcoholic  liquids  is  ascertained. 

Sykes'  hydrometer.— The  instriunent  in  general  use  for  determining 
the  specific  gi-avity  of  spirituous  liquids  in  this  country  is  what  is- 
known  as  Si/Ices''  hydrometer.  It  diflers  from  the  ordinary  hydrometer 
in  the  division  of  "its  scale,  and  also  in  the  use  of  weights.  The  hy- 
drometer is  calciilated  to  show  the  strength  in  spirit  either  above  or 
below  a  certain  fixed  standard,  denominated  'proof.'  Proof  spirit 
is  defined  by  Act  of  Parliament  to  be  '  such  as  shall,  at  a  temperature 
of  51°  of  Fahrenheit's  thermometer,  weigh  exactly  ff  parts  of  an  equal 
measm-e  of  distiUed  water.'  That  is  to  say,  13  measures  of  proof 
spirit  weigh  as  much  as  12  measm-es  of  water.  The  stem  of  the  instru- 
ment is  graduated  and  subdivided  so  as  to  meet  the  extremes  of 
variation  in  the  strength  of  the  liquors  examined  by  it. 

Sykes'  hydrometer  is  the  instriiment  mostly  used  by  the  Excise,  by 
brewers,  distillers,  and  publicans. 

Since  the  specific  gravity  of  a  spirituous  liquid  is  subject  to  great, 
variations  at  diflerent  temperatiu'es,  it  is  necessary  that  the  tempera- 
ture of  the  spirit  at  the  time  of  taking  its  weight  should  be  noted,  and 
con'ections  made  for  this  by  means  of  certain  tables  which  have  been 
constructed  for  the  pm-pose.  The  standard  temperatm-e  at  which  the- 
specific  gi-avity  of  the  spirit  is  usually  taken  is  60^  Fahrenheit,  equal 
to  15-5°  0. 

The  specific  gi-avity  test  for  determining  the  amoimt  of  alcohol 
present  in  liquids  is  applicable  only  when  they  are  free  from  any  solid- 
substance,  as  extractive,  sugar,  &c.,  the  presence  of  which  of  com-se 
influences  the  gTavity.  When,  therefore,  any  liquid  contains  sac-- 
chaiine  or  other  solid  matter,  it  is  requisite  that  the  spirit  should  be 
separated  by  distillation,  and  that  the  quantity  and  specific  gravity  of" 
the  alcohol  thus  obtained  should  be  taken.  '\Vhere  sti'ict  accm-acy  is 
required,  it  will  be  necessary  to  have  recoiu-se  to  distillation  in  almost 
all  cases,  since  there  are  but  few  spirits  which  do  not  contain  more  or 
less  solid  matter. 

Centesimal  alcoholometer. — The  iusti'iunent,  invented  by  M.  Gay— 
Lussac  many  years  since,  called  the  centesimal  alcoholometer  is  a  con- 
siderable improvement  on  Sykes'  hydrometer.  The  instrument,  when  im- 
mersed in  any  spirituous  liquid  at  the  temperature  of  16°  Centigrade, 
equal  to  59°  Fahr.,  at  once  indicates  the  quantity  of  alcohol  by  volume 
present.    As  its  name  implies,  the  stem  is  divided  into  ahimdred  parts, 
or  degrees,  and  is  so  contrived  that  each  degree  represents  one-hundretk 
part  of  anhydrous  or  pm'e  alcohol ;  thus  the  point  at  which  it  floats,, 
when  immersed  in  any  spirit  at  a  certain  temperature,  indicates  the 
percentage  of  absolute  alcohol  contained  in  that  spirit.     The  value 
of  this  instrument  is  that  it  shows  at  once  the  percentage  of  alcohol — 
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all  suljsequent  calculations,  with  the  loss  of  time  im-olved  and  the  pos- 
sibility of  inaccuracies,  heing  therehy  avoided. 

Ebullioscope. — Another  instrument,  constructed  on  a  totally  difi'er- 
■  ent  principle  to  the  ordinary  densimeters,  is  the  ehullioscope  or  ebulli- 
tion alcoholometer.  This  instrument  is  based  upon  the  fact  that  the 
boilino-  point  of  spuituous  liquids  varies  according  to  the  amount  of 
•  alcohol  contained  in  them  (a  discovery  made  by  the  Abbo  Brossard- 
Vidal  of  Toidon),  without  its  being  essentially  modified,  like  the  other 
insti-u'ments,  by  the  presence  and  nature  of  any  solid  ingredients  which 
may  be  contained  in  them.  . 

There  are  several  forms  of  this  instrument ;  there  :s  the  original 
■one  of  M.  Brossard-Vidal,  and  the  modifications  by  M.  Oonaty,  by 
MM.  Lerebom-s  and  Secretan,  and  by  Dr.  Ure. 

The  mercurial  thermometer  used  in  the  modification  of  the  instru- 
ment by  MM.  Lerebours  and  Secretan  is  gi-aduated  centeshually  in 
.  deo-rees,  which  correspond  to  those  of  the  centesimal  alcoholometer  ot 
'SI  Gay-Lussac,  and  its  bidb  is  pkmged  in  the  liquid  to  be  proved. 
Tlie  liquid  is  carefully  heated  bv  means  of  a  spirit  lamp,  the  tiame  ot 
which  should  not  be  strong,  lest"  it  occasion  the  too  rapid  ebulhtion  of 
the  spirit.  Before  using  the  instrument,  it  is  necessary  to  determine 
the  boiling  point  of  pure  water,  and  the  barometrical  pressure  of  the 
.  atmosphere  on  the  day  on  which  the  experiments  are  made. 

In  Dr.  Ure's  modification  of  the  instrument,  the  scale  is  adapted  to 
that  of  Svhes' hydrometer. 

It  woidd  be  of  the  greatest  possible  advantage— would  save  mucn 
time  and  trouble— if  densimeters  of  all  kinds  were  revised,  and  were 
reduced  to  one  uniform  centesimal  scale,  as  is  done,  in  fact,  in  many  ot 
the  instruments  in  use  ou  the  Continent.  _ 

The  ebullioscope  is  probably  sufficiently  accurate  m  the  resu  ts 
which  it  furnishes  to  aflbrd  considerable  service  to  the  distiUer,^tlie 
rectifier,  the  wine-maker,  and  the  brewer;  but  it  is  certainly  not  so 
where  extreme  accuracy  is  required.  ^    i  •  i  i     i  „„„ 

Alcoholometric  dilatometer.— Another  instrument  which  has  been 
invented  for  the  determmation  of  the  proportion  of  alcohol  m  spirituous 
liquids  is  the  alcoholometric  dilatometer  of  M  Silbermann  By  this 
instrument,  the  amoimt  of  spirit  is  determined  by  the  ddation  of  the 
snirituous  liquid  at  various  temperatures.        „.  ,  ,  , 

™  other  instrument  has  been  devised  by  M.  Geissler,  of  Bonn,  based 
upon  the  expanding  power  of  the  steam  obtained  by  heatmg  a  spirituous 
limud.  This  powe?  is  measured  by  the  height  of  a  column  of  mercury 
which  can  be  raised  by  the  steam  at  a  heat  of  100°  0.  The  instrument 
is  cailei  a,  vaporimeter.  ,    ,  „p  ,i„+„„ 

Specific  Gravity  Bottle.-Bnt  the  most  accm-ate  method  of  dete.- 
mining  the  quantity  of  alcohol  contained  m  spmtuous  liquids  liom 
their  specific  gravity  is  by  means  of  the  specific  gravity  bottle,  in 
using  this,  the%ame%recautions  with  regard  to  tempeivatme  and  the 
l)resSnce  of  any  solid  substance  in  the  spint  iuustbe  obsei^ed  as  m  the 
•employment  of  some  of  the  other  instruments  above  reterrea  to. 
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For  ordinary  pm-poses,  iu  the  liands  of  manufacturers  and  dealers, 
of  all  the  instruments  for  determining-  the  strength  of  spirituous 
liquors,  the  centesimal  alcoholometer  of  M.  Gay-Lussac  is  tlie  safest 
4uul  best,  and,  next  to  that,  Sykes'  hydrometer.  But  the  chemist, 
Avhen  any  solid  matter  is  contained  in  the  liquid  to  be  examined, 
should,  in  all  cases,  separate  the  alcohol  b}^  distillation  and  determine 
its  amount  from  the  specific  gravity  of  the  distilled  liquid,  and  this  is 
the  method  by  which  we  have  proceeded  iu  the  determination  of  the 
alcohol  contained  in  the  samples  of  spirits  the  results  of  the  analyses 
•of  "which  we  shall  shortly  make  known.  The  exact  steps  to  be  adopted 
are  as  follows : — ■ 

Alcnhnlometrical  Table  of  Tralles. 


Alcohol  in 
101)  Measures 
o£  Spirit. 

Specific  Gravity 
BiTi  uu  SI  ii.nr. 

Difference 

of  the 
Spec.  Gray. 

Alcohol  in 
100  Measures 
of  Spirit. 

Specific  Gravity 
at  Ou  Jjiinr. 

Difference 

of  the 
Spec.  Grav. 

0 

9991 

— 

36 

9570 

13 

1 

9976 

15 

37 

9550 

14 

2 

9961 

15 

38 

9541 

15 

3 

99-17 

14 

39 

9526 

15 

4 

9933 

14 

40 

9510 

16 

.5 

9919 

14 

41 

9494 

16 

6 

9906 

13 

42 

9478 

16 

7 

9893 

13 

43 

9461 

17 

8 

9881 

12 

44 

9444 

17 

9 

9869 

12 

45 

9427 

17 

10 

9857 

12 

40 

9409 

18 

11 

9845 

12 

47 

9391 

18 

12 

9834 

11 

48 

9373 

18 

13 

9823 

11 

49 

9354 

19 

14 

9812 

11 

50 

9335 

19 

]o 

51 

9315 

20 

16 

9791 

11 

52 

9295 

20 

17 

9781 

10 

53 

9275 

20 

18 

9771 

10 

54 

9254 

21 

19 

9761 

10 

55 

9234 

20 

20 

9751 

10 

66 

9213 

21 

21 

9741 

10 

57 

9192 

21 
22 

22 

9731 

10 

58 

9170 

23 

9720 

11 

59 

9148 

22 

24 

9710 

10 

60 

9126 

22 

25 

9700 

10 

61 

9104 

22 

26 

9689 

11 

62 

9082 

22  ■ 

27 

9679 

10 

63 

9059 

23 

28 

9G68 

11 

G4 

9036 

23 

29 

9667 

11 

65 

9013 

23 

30 

9646 

11 

66 

8989 

24 

31 

9634 

12 

67 

8965 

24 

32 
33 

9622 

12 

68 

8941 

24 

9609 

13 

09 

8917 

24 
25 

34 

9506 

13 

70 

8892 

35 

9583 

13 

71 

25 

3  F 
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Alcoholometrical  Table  of  Tralles. 


Alcohol  in 
100  Metisures 
of  Spirit. 


72 

73 

74 

75 

7G 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 


Specific  Gravity 
at  00°  Fate. 


8842 

8817 

8791 

8765 

8739 

8712 

8685 

8658 

8631 

8603 

8575 

8547 

8518 

8488 

8458 


Difterenco 

of  the 
Spec.  G-rav. 


25 

25 

26 

26 

26 

27 

27 

27 

27 

28 

28 

28 

29 

30 

30 


Alf*nlin1  in 

100  Measures 
of  Spirit. 

Specific  Gravity 
at  60°  Fata. 

Difference 

of  the 
Spec.  Grav 

87 

88 

8428 

30 

8397 

31 

89 

8365 

32 

90 

8332 

33 

91 

8299 

33 

92 

8265 

34 

93 

8230 

35 

94 
95 

8194 

8157 

37 

96 

8118 

39 

97 

8077 

41 

98 

8034 

43 

99 

7988 

46 

100 

7939 

49 

100  cc  of  the  spirit  are  distiUed,  and  the  distillation  carried  nearly  to 
100  i^ade  lip  with  distilled  water  to  the  ongmal 

^Xa4in  wSt  to  a^^^^^^^  of  15-5°  0,  and  its  specific  gravity 
Stafned.    These  particulars  heing  determined,  the  pei^entage  of 

3pe^::Sieswhich^^^^^^^^^^^ 

m  the  table    10        .^^^ '    ^eentage  will  he  hetween  33  and  34), 

V-ff  fvn^rqeoe  rwhich  is  the  next  greatest  nmnher  m  the 
the  difference  from  JbOJ  (wmcu^s  ^      percentage  is 

table)  =4  and  the  ^^acticm  as  is,  theietoie 

33      or,  decimally,  thus,  33  31     In  o^^^_  ^^^^^^  examination, 

hy  volume,  of  fcoliol  in  j   ^^^^^  to  find  the  percentage 

it  is  necessary  to  proceed  as  follows .    In  oi  a  j 

of  absolute  alcohol  of  79^g  ^/^^^^^^^^^^^        the  se'cond  column  of 
n  ^  r^Yf  thf exact  fi'ure  he  not  found  the  next  h  gher  gravity 
the  tahle,  ^^^/[Jj^^^^'^^'^^^^^^^    ohtainod  a  distillate  hay  ng  a  specific 
IS  taken  ^"^l^^^'^^^j^a  in  the  tahle  that  the  next  higher  specific 

gravity  of  043b,  tnen  we  uuu  ^  alcohol.    The  difterence 

gravity  of  9444  corresponds  t.^/^.f/,  ^^^S^J/^^^^^^^^      this  case  it  is  8. 
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gravity  of  9436  contains  consequently  44-47  per  cent,  hy  measure  of 
absolute  alcohol. 

But  now  supposing  we  have  anhjectecl  150  cc.  to  distillation,  and 
have  obtained  100  cc.  of  distillate,  which  we  found  to  contain  44*47  per 
cent,  of  alcohol,  we  have  to  consider  that  this  percentage  was  obtained 
from  150  cc.  We  say,  therefore,  150  :  44-47  =  100  :  x,  and  by  calcu- 
lating this  simple  rule  of  three  sum,  we  find  a:  to  be  29-6  per  cent. 

Detection  of  fusel  oil. — There  are  no  chemical  reactions  vinfor- 
tunately  whereby  the  presence  of  this  oil  in  the  minute  quantity  in 
which  it  is  ordinarily  contained  in  the  wines  and  spirits  of  conunerce 
may  be  detected,  much  less  estimated.  The  method  usually  relied 
upon  is  the  odour  of  the  oil.  This  is  best  perceived  when  the  ethylic 
alcohol  has  either  been  allowed  to  evaporate  or  when  it  has  been 
separated  by  certain  special  means.  A  very  simple  and  common  prac- 
tice is  to  rub  some  of  the  spirit  between  the  hands  and,  after  allowing 
the  alcohol  to_  evaporate,  the  odom-  may  sometimes  be  perceived. 

Or  a  portion  of  the  spirit  may  be  put  into  a  glass  or  bottle  with 
some  porous  chloride  of  calcium,  when  the  odom-  of  the  fusel  oil  will 
become,  after  the  lapse  of  some  hom-s,  very  perceptible.  See  p.  796 
for  further  details. 


BRANDY  AND  ITS  ADULTERATIONS. 

DEFIXITION  OF  ADULTERATION. 

Any  foreign  spirit,  sugar,  any  acrid  or  carminative  substance,  or  any 
substances  employed  to  produce  flavour  and  aroma  not  derived  from  tlie  grape. 
Water  m  such  proportion  as  to  reduce  the  percentage  of  absolute  alcohol  below 
.50  per  cent,  by  volume. 

Braxdt  is  obtained  by  the  distillation  of  both  white  and  pale  red 
wines,  from  refuse  wines  ;  also  from  the  murk  left  in  the  wine  press, 
and  the  refuse  of  wine  casks.  One  of  the  largest  brandy-producino- 
countries  is  the  south  of  France.  The  quality  and  strength  of  brandy 
depend  upon  that  of  the  wine  from  which  it  is  prepared ;  and  as  a  rule 
white  wines  fiu-nish  the  best  brandy,  since  they  contain  more  of  the 
volatile  constituents,  especially  oenanthic  ether,  than  the  red. 

The  grapes  grown  in  some  districts  furnish  brandy  possessed  of 
peculiar  aromas ;  thu.s  the  ^vines  of  Selleuil,  in  Dauphine,  furnish  a 
brandy  having  the  aroma  of  the  Florentine  iris,  while  those  of  St.  Pien-e 
in  Vivarais,  a  spirit  having  the  odour  of  the  violet.  ' 

Of  the  many  descriptions  and  qualities  of  brandy,  the  best  is  true 
cofjnac,  which  is  obtained  by  the  distillation  of  wines  of  a  superior 
quality.  Brandies  prepared  from  inferior  wines  contain  a  smaller  quantity 
ot  the  essential  oils,  and  hence  they  have  less  of  the  characteristic 
toouquet  and  flavour  which  distinguish  brandies  of  the  first  quality. 

3  i'  2 
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But  owinfT  to  the  perfection  of  the  machinery  now  employed  in  the 
distillation  of  spirituous  liquids,  a  superior  product  is  obtained  from 
luauy  inferior  descriptions  of  wme.  ,  .  ,  .  ^,  .  i  -n  .  „^ 
A.  brandy  of  a  lower  quality  is  obtained  m  bpam  and  Portugal 
from  the  dark  red  wines  of  those  countries. 

In  France  the  brandv  sold  is  usually  of  two  stren<rths-the  one 
contains  from  18  to  20  degrees  Bamn6  and  _  is  called  '  ^au  deyie  a 
preuve  de  Hollande/  and  the  other  '  eau  de  vie  a  prenve  d  huile ;  but 
the  brandies  as  first  made  are  stronger  than  the '  preuve  de  Hollande, 
and  ZS^r^^i  as  five-six,  fom-iive,  three-fom-,  t.vo-three,  three- 
five,  fom-seven,  five-nine,  six-eleven,  three-six,  three-seven,  three- 

ThHiaSret ^different  districts  are  stated  to  be  all  distinguish- 
nble  by  an  experienced  dealer  by  peculiarities  in  their  aroma  and 

^^7wne  French  brandy  coimuonly  exhibits  an  acid  reaction,  owing 
to  the  formation  of  a  minute  quantity  of  acetic  acid,  when  it  is  apt  also 
to  contain  acetic  ether.  Of  course  when  kept  m  ca.ks  for  a  long  tune 
it  may  take  up  therefrom  both  astringent  and  coZow;-»ir/  matter..  _  A\  hen 
fir^  distiUed  brandv  is  perfectly  colourless,  pale  brandy  obtaining  the 
Su  wS  it  exhibits  from  tlie  cask  in  which  it  is  kept,  while  brown 
brandy  is  coloured  with  sugar  or  caramel,  dissolved  m  lime  yater 

Ui-e  says  that  brandy  is  sold  usually  about  10  per  cent,  under  proof, 
equal  to  5b-85  per  cent,  of  alcohol  by  volume. 

THE  ADTTLTEEATIONS  OF  BEANDY. 

One  of  the  most  frequent  adulterations  of  brandy  is  with  boater- 
Another  adulteration  is  with  spirit  obtained  from  corn,  surjai , 

'""^n^ciS^^iS'J^Ser  of  these  difierent  ^P-tsi-Jsti^ 
for  o-enidne  brandy,  the  flavoiu-  of  brandy  bem-  commumcated  to  them 
?y  ScTal  flaviings,  but  the  requisite  colour  being  obtained  by 

"'XcStySe  French  brandy  imported  into  this  country  con- 
sists Sei  in  part  or  wholly  of  corn,  but  more  frequently  of  beetroot 
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gi-ape  left  after  the  distillation  of  tlie  wine.  'The  British  brandy 
maker  huys  up  this  murk,  and  imports  it  into  this  country,  paying- 
upon  it  the  same  duty  as  upon  wine.  By  distilling  British  molasses 
over  these  lees,  the  manufacturer  obtains,  to  some  extent,  the  peculiar 
flavoiu-  -which  characterises  French  brandy.' — Tricks  of  Trade. 

The  late  Br.  Normandy,  in  reply  to  a  question  put  to  him  by 
Ml-.  Scholefield,  Chairman  of  the  Parliamentary  Committee  relative  to 
the  Adulteration  of  Food  of  1855,  made  these  remarks  in  regard  to 
the  flavom-ing  of  brandy  by  means  of  artificially-prepared  essences : — 
^  Brandy  is  extensively  prepared  in  this  coimtry,  especially  since  the 
discoveries  of  modern  chemistry  of  producing  essential  oOs  artificially 
— oils  which  haA'e  the  odour  of  that  particular  ether  to  which  brandy 
owes  its  flavom-.' 

When  molasses  spirit  is  employed  it  is  necessary  it  should  be  pre- 
viously rectified  by  distillation  over  freshly-biu'nt  charcoal  and  quick- 
lime. Indeed  it  is  essential  that  all  spirits,  especially  potato  spirit, 
employed  in  the  adulteration  of  brandy  should  imdergo  carefid  recti- 
fication, in  order  to  free  them  from  the  peculiar  tastes  andodom's,  which 
might  but  too  plainly  reveal  the  nature  and  origin  of  the  spirit. 

Receipts  are  of  course  not  wanting  for  the  manufactiu'e  of  spurious 
French  brandy.  Dr.  Ure  gives  the  following  formula  as  one  which 
is  employed  for  converting  corn  sjnrit  into  imitation  brand3^  Pure 
alcohol  is  to  be  diluted  to  the  proof  strength ;  to  every  hundredweight 
of  the  spirit,  half  a  pound  of  arffol,  imne-stone,  or  cream  of  tartar  pre- 
viously dissolved  in  water,  is  added,  as  well  as  a  little  acetic  ether, 
some  French  ^mle  vinegar,  bruised  French  plums,  flower  stiiff 
fi'om  Cognac  (mm-k).  The  spirit  is  then  to  be  distilled  off,  with  a 
gentle  fire,  in  an  alembic  fiu-nished  with  an  agitator.  The  spirit 
which  comes  over  is  coloured  with  burnt  sugar  to  the  tint  required, 
and  roughened  to  the  taste  with  a  few  di'ops  of  the  tinctm'e  of  catechu 
or  kino. 

Oak  saiodust  and  tincture  of  grape  stones,  prepared  purposely  from 
the  miu-k,  are  used  to  impart  to  new  brandy  the  taste  of  an  old  spii'it 
which  has  become  ripened  in  an  oaken  cask. 

The  aiithor  of  a  work  on  '  Malted  and  Unmalted  Corn,  connected 
with  Brewing  and  Distilling,'  gives  the  following  receipt  for  making 
an  adulterated  brandy,  suitable  for  retail  ptu-poses : — 


To  10  puncheons  of  brandy  . 
Add  tlavotiring  raisin  spirit  . 
Tincture  of  grains  of  paradise 
Clierry  laurel  water 


Spirit  of  almond  cake 


1,081  gallons 
118  „ 
4 


Total 


1,207  gallons. 


Add  also,  10  handfuls  of  oak  sawdust,  and  give  it  complexion  with 
burnt  sugar. 
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Tlie  case  of  trancly  affords,  then,  an  apt  ilhistration  of  the  pitch  of 
refinement  to  which  the  art  of  adulteration  has  reached  in  these  days. 

Results  of  tM  Examination  of  Samples. 
Of  eiqhteen  samples  of  brandy  suhjected  to  examination— 
The  alcohol  ranged  from  30  to  50  per  cent,  by  volume. 
The  majority  of  the  samples  consisted  of  so-called  British  brandy. 
Nearly  all  the  brandies  were  coloiu-ed  with  burnt  sugar. 
Lastly  in  none  of  the  samples  was  Cayenne  present.    This  is  par- 
ticularly worthy  of  note,  because  some  of  the  brandies  were  procm-ed 
at  hou4s  at  which  both  the  gin  and  rum  were  found  to  be  adulterated 
with  that  substance.    This  at  least  shows  that  acrid  substances  are  uot 
so  frequently  employed  ia  the  adulteration  of  brandy  as  of  other  spirit- 
uous liquors.    This  result  is,  therefore,  in  some  degTee  satisfactory. _ 

Brandy  and  rum  are  seizable  if  sold  by  or  found  in  the  possesion 
of  the  dealer  unless  it  possesses  a  certain  strength,  17  per  cent,  below 
proof,  by  Sykes'  hydrometer,  equal  to  40  per  cent,  by  weight,  lire 
following  are  the  words  of  the  Act  30th  Geo.  III. :— - 

'No  distiller,  rectifier,  compounder,  or  dealer  shall  serve  or  send 
out  any  foreign  spirits  of  a  lower  strength  than  that  of  one  m  six  under 
hydrometer  proof,  nor  have  in  his  possession  any  foreign  spirits  mixed 
too-ether  except  shrub,  cherry  or  raspberry  brandy,  of  lower  strength 
than  as  aforesaid,  upon  pain  of  such  spirits  being  lorfeited ;  and  such 
spii-its,  with  the  casks  and  vessels  containmg  the  same,  may  be  seized 
by  any  officer  of  Excise.'  •    ji  „„„„ 

It  wiU  be  perceived  that  many  of  the  brandies  examined  by  us  weie 
sold  in  violation  of  the  Act  above  quoted,  and,  as  usual,  without  let  or 
hindrance  by  the  Excise. 

DETECTION  OF  THE  ADTJLTEHATI0N8  OP  BEANDT. 

The  adidterations  of  brandy  already  noticed  are  with  /"f^ 
8»irU  siu/ar,  burnt  sugar,  and  various  substances  to  impart  llavom  and 
£omVT  ./V««is  ofiaradise,  tincture  of  catechu  or  Jano,  a  tincture 
repar'ed  fiJm  the  ieds  of  the  grape,  ar^.>^«Z  —  of  hra.iclr,,i-aism 
fj^  cherry  laurel  water,  and  the  water  distiUed  from  almond  cahe 

§  we  except  gi-ains  of  mradise  the  other  substances  used  are  usmlly 
nresenrin  too^  mimite  quantities  to  be  discoverable  by  the  ordmary 
Sods  of  analysis  pursled  operating  on  the  quantity  of  brandy  usuaUy 
Sitted  to  the  analyst.  We  therefore  do  not  propose  to  dwell  in^on 
fe  mlthVds  wLreb/^  of  the  -^^t-ces  above  enum^^^^^^^^ 
under  certain  favoumble  circumstances  be  d^^^^t^^^i^' ^  ^ J!  ^^^^^^ 
observations  to  water,  extraneous  spirit,  sugar,  burnt  sugai,  and  giams 

"^Waier-The  amount  of  water  present  in  any  spirituous  liquor  not 
cont^ning  any  considerable  quantity  of  sohd  matter  maybe  approxi- 
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luately  determined  by  simply  takiug  the  specific  gi-avity  of  the  liquid 
^ud  deducing  from  it  by  reference  to  certain  tables,  which  have  been 
specially  prepared  for  the  purpose,  the  amount  of  absolute  alcohol  or 
.spirit  thereby  indicated.  But  when  solid  matter  is  present  one  portion 
•of  the  spirit"must  be  distilled  and  the  amount  of  alcohol  in  the  dis- 
tillate determined,  and  another  portion  must  be  evaporated  ou  the 
water-bath,  and  the  solid  matter  present  so  ascertained.  With  these 
data  the  quantity  of  water  is  then  determined  by  difference. 

Extraneous  spirit. — The  rectification  of  potato,  corn,  and  other 
spirits  not  derived  from  the  gi-ape  is  in  these  days  usually  so  perfect 
that  the  detection  of  foreign  spuit,  that  is,  spu-it  not  derived  from  the 
grape,  is  impossible  in  many  cases.  When,  however,  the  spirit  is 
less  perfectly  rectified  and  contains  minute  quantities  of  fusel  oil,  it 
may  be  discovered  in  some  instances  by  the  methods  already  referred 
to  for  detecting  the  disagreeable  and  characteristic  odour  of  that  sub- 
:stance.    See  pages  796  and  803. 

Sugar. — For  the  determination  of  sugar,  whether  grape  or  cane,  we 
refer  the  reader  to  the  article  on  '  Sugar,' 

Burnt  sugar. — See  the  report  on  '  Vinegar.' 

Detection  of  Cayenne  pepper  and  grains  of  imraclise. — The  detec- 
tion of  Cayenne  and  grains  of  paradise  is  readity  effected  in  the  case 
of  brandy  and  other  spirits  by  simply  evaporating  a  portion  of  the 
spirit  and  tasting  whatever  residue  be  left.  The  presence  of  Cayenne 
is  sufficiently  demonstrated  by  the  in-itatiug  character  of  the  vapours 
•evolved  when  the  substance  containing  it  is  bm-nt.  Supposing  the 
fiery  and  pungent  residue  not  to  give  off  such  vapom-s,  this  would  lead 
to  the  inference  that  the  substance  to  which  the  pungency  was  due 
really  consisted  of  grains  of  paradise,  but  since  these  contain  not  onl}'^ 
a  fixed  resin  of  an  acrid  and  burning  taste,  but  also  a  volatile  oil 
Tiaving  the  smell  of  camphor  and  a  hot  penetrating  taste,  a  fiu'ther 
means  of  discrimination  is  thereby  afforded. 


RUM  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  spirit,  added  sugar,  or  any  acrid  or  carminative  substance,  or  any 
•substances  employed  to  produce  flavour  and  aroma.  Water  in  such  proportion 
as  to  reduce  the  absolute  alcohol  to  below  50  per  cent,  by  volume. 

Rmi  is  the  spirit  obtained  from  the  fermented  sldmmings  of  the  juice 
of  the  sugar  cane,  mixed  with  a  proportion  of  molasses  and  lees,  and 
diluted  with  water. 

'  The  wort  is  made  in  Jamaica  by  adding  to  1,000  gallons  of  dunder 
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120  gallons  of  molasses,  720  pallons  of  skimmiugs  (  =  120  of  molasses 
in  sweetness)  and  160  gallons  of  water  ;  so  that  there  may  he  in  the 
liquid  nearly  12  per  cent,  of  solid  sugar.  Another  propoi-tion  often 
used  is  100  gallons  of  molasses,  200  gallons  of  lees,  300  gallons  of 
slrimmings,  and  400  of  water ;  the  mixture  containing,  therefore,  15  per- 
cent, of  sweets.' —  Tire.  ,  , 

From  1  200  gallons  of  the  saccharine  liquid  thus  prepared  usually 
about  115  gallons  of  rum  of  the  strength  of  proof  spirit  are  obtained. 

In  France  a  large  quantity  of  spii-it  is  made  from  the  molasses  of 
the  beetroot  sugar  manufactui-e.  _ 

It  sometimes  happens,  in  consequence  of  the  large  quantities  ot  limo' 
and  potash  contained  in  the  liquor,  which  impart  to  it  an  alkaline 
reaction  that  the  fermentation  is  stopped  and  cannot  be  then  revived 
until  the  alkali  has  been  neutralised  by  the  addition  of  sulphiu-ic  acid. 

Kum  owes  its  distinctive  smell  and  taste  to  a  peculiar  volatile  ether, 
butyric  ether  or  butyrate  of  ethyl.  ,  . 

It  differs  from  other  spirits  in  its  tendency  to  cause  perspiration ; 
for  this  reason  it  is  often  used  by  those  sufiering  from  colds  and  coughs. - 


THE  ADTJLTEEAIIONS  OE  ETTjU:. 

The  adulterations  of  rum  consist  chiefly  in  the  addition  of  loater, 
whereby  its'strengih  is  reduced ;  of  Cay  cyme  or  cocculus  vuhcus,  to  give 
the  adulterated  article  apparent  strength ;  and,  lastly,  of  suyar  and  burnt 
sugar,  to  restore  the  sweetness  and  coloiu-  lost  m  consequence  ot  diln- 

*'°\n  instance  leading  to  fatal  results  of  the  adulteration  of  nun  with 
cocculus  indicus  occurred  some  years  since  at  Liverpool.  It  is  recorded 
in  Dr.  Taylor's  book  on  '  Toxicology.'  •  -x 

Several  sailors  drank  a  glass  each  of  the  sophisticated  spirit :  one 
died  the  same  evening,  but  the  others,  although  made  seriously  lU,. 

ultimately  recovered.  •     r,  •  •  ^^ 

Lead  has  been  discovered  in  rmn  in  some  cases  ;  this  is  generallv 
to  be  reoarded  as  an  accidental  impregnation,  the  lead  being  denved 
from  the  worm  of  the  still.  It  is  in  ne^v  rum  that  lead  is  chiefly  met 
with  Dr  Traill  found  that  the  spirit  received  into  a  tumbler  as  it 
came  from  the  still  always  contained  lead,  but  that  it  disappeared  from 
the  same  spirit  after  having  been  kept  in  an  oaken  cask  for  some  time. 
The  explanation  of  this  ciu-ious  fact  is,  that  the  spirit  extracts  tanmn 
from  the  cask,  and  the  lead  uniting  with  this  forms  an  insoluble  com- 
pound and  becomes  precipitated.  ,  m  n  ^c- 
^  There  is  a  kind  of  xL.  termed  '  Pineapple  Rnm.'_  The  flavom  of 
pineapple  is  communicated  to  the  spirit  by  steeping  in  it  slices  of  the 
pine.  Eecently  chemists  have  found  out  methods  of  imitating  veiy 
Lactly  the  flavour  of  the  pine,  and  hence  this  aa-tificially  prepa  id 
flavom-ing  is  often  had  recourse  to  in  this  country  to  convert  not  only 
ordinary  nun,  but  even  ordinary  spirit  into  '  Pineapple  Ivum. 
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This  flavouriug  may  be  prepared  by  distilling-  butter  with  sulphuric 
acid  aud  alcohol,  or  by  combining  amy  lie  or  potato  alcohol  with  butyric 
acid,  and  then  dis.solv'iug  the  butp'ate  of  amyl  formed  iu  alcohol.  This- 
liavom-ing  is  much  used  iu  sweetmeats.  ,  * 

Results  of  the  Examination  of  Samples. 
OUwenf  y  samples  of  rum  subjected  to  analysis,  the  alcohol  ranged, 
from  47  per' cent,  by  volume  the  highest,  to  27  per  cent,  the  lowest, 
while  Caj/enne  was  detected  in  six  of  the  samples  ;  that  is,  some  of  the. 
spirits  did  not  contain  much  more  than  half  as  much  alcohol  as  others, 
and  consequently  were  of  little  more  than  half  the  value.  The  same 
was  found,  as  will  appear  hereafter,  to  be  the  case  with  the  gins  ex- 
amined ;  some  of  them  contained  only  half  the  quantity  of  spirit  that 
others  did,  and  this  although  the  price  paid  for  them  was  nearly  the 
same  in  all  cases. 

THE  DETECTIOSr  OP  THE  ADULTEEATIONS  OE  BUM. 

The  methods  tct  be  employed  for  the  detection  of  water,  sufjar,  and 
Cayenne  are  the  same  as  those  referred  to  under  the  head  of  '  Brandy.' 

The  processes  for  the  detection  of  (/rains  of  2Jaraclise  and  cocculus 
indicus  will  be  foimd  described  in  the  article  ou  '  Beer.'  It  is  easier 
to  discover  the  presence  of  the  latter  in  rmn  than  in  beer,  owing  ta- 
the  smaller  quantity  of  exti-active  matter  contained  in  that  spirit. 
A  very  excellent  method  of  determining  the  presence  of  cocculus' 
indicus  is  to  evaporate  about  half  a  pint  of  rmn.  to  dryness,  to  dissolve 
the  extract  in  about  ten  ounces  or  so  of  water,  and  to  place  iu  it  a 
small  live  fish.  If  the  spirit  contain  picrotoxin  the  fish  will  soon  ex- 
hibit the  usual  symptoms  of  poisoning  by  that  deadly  substance. 

For  the  process  for  the  detection  and  estimation  of  the  lead  see 
reports  on  '  Water '  and  '  Vinegar.' 


GIN  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  acrid  substance,  sulpliiiric  acid,  combined  or  free,  lead,  zinc,  aud  water- 
in  such  proportion  as  to  reduce  tlie  absolute  alcohol  to  belo-w  50  per  cent,  by 
volume. 

Gd  was  made  originally  in  Holland,  in  the  distilleries  of  Schiedam, 
and  hence  that  which  is  brought  to  this  country  is  termed  '  Hollands 
gin.' 

In  Holland  it  is  made  solely  from  unmalted  rye  and  barley  malt, 
rectified  with  juniper  ben-ies.    In  Britain,  gin  is  for  the  most  part 
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oTatained  from  a  mixtiu-e  of  malt  and  Larley,  molasses  and  corn  teiup- 
sometimes  employed,  particularly  when  there  is  a  scarcity  of  gi-ain ;  and 
it  is  usually  flavoured  not  only  with  juniper  berries,  hut  with  certain 
other  substances,  most  of  which  are  aromatics,  and  amongst  which  are 
the  following:  coriander,  cardamom,  and  caraivay  seeds,  grains  of 
2nirad^ise,  anyelica  root,  calamus  root,  crushed  almond  cake,  liquorice 
poicder,  and  orange  peel.  These  ingredients,  variously  combined,  fom 
what  is  known  in  the  trade  as  'gin  flavouring.' 

Piu'e  gin  should  consist,  as  does  Hollands,  solely  of  rectified  corn 
spirit  flavovu'ed  with  juniper  berries. 

THE  ADULTERATIONS  OF  GIN. 

Gin  is  commonly  diluted  or  adulterated  with  large  quantities  of 
water. 

But  since  the  addition  of  water  to  gin  renders  the  mixture  whitish 
and  tm'bid,  by  occasioning  the  precipitation  of  the  oily  and  resinous 
matters  of  the  jimiper  and  other  substances  employed  to  flavour  the 
gin  previously  held  in  solution  by  the  spirit,  it  becomes  necessary  to 
'  fine '  the  gin,  as  it  is  termed,  that  is,  to  restore  the  transparency  of 
the  spirituous  mixture. 

The  substances  more  commouly  employed  for  this  purpose  are  alum, 
carbonate  of  potash,  and  occasionally  acetate  of  lead.  Alum  dissolved 
in  water  is  first  added  to  the  weakened  spirit,  and  then  a  solution  of 
carbonate  of  potash.  The  whole  is  stirred  together,  and  left  at  rest  for 
twenty-four  hours.  The  alumina  of  the  alum,  precipitated  by  the 
•carbonate  of  potash,  acts  '  as  a  strainer  upon  the  millvy  liquor,  and 
carries  down  with  it  the  finely-divided  oily  matter,  which  produces  the 
blue  colour  of  the  diluted  liquor.' — Accum. 

Koche  alum  is  sometimes  used  for  clarifying  spuituous  liquors 
without  any  other  addition. 

'  Another  method  consists  in  adding  first  a  solution  of  subacetate  ot 
lead,  and  then  a  solution  of  alum.  This  practice  is  highly  dangerous, 
because  part  of  the  sulphate  of  lead  produced  remains  dissolved  m  the 
liquor,  which  it  thus  renders  poisonous.  Unfortunately  this  method 
of  clarifying  spirituous  liquors,  I  have  good  reason  to  believe,  is  more 
frequently  practised  than  the  preceding  method,  because  its  action  is 
more  rapid,  and  it  imparts  to  the  liquor  a  fine  complexion,  or  great 
refractive  power ;  hence  some  vestiges  of  lead  may  often  be  detected  in 
jualt  spirit.' — Accum.  .  T,r   at-j.  i  n 

Another  substance  added  to  gin  is  sulphuric  acid.  Mr.  Mitciiell 
states  that  a  mixture  composed  of  almn,  carbonate  of  potash,  almond 
-oil,  sidphm-ic  acid,  and  spirits  of  wine,  is  frequently  added  to  gin. 
-  'This  compound,'  he  remarks,  'not  only  fines  the  gm,  but  comimmi- 
cates  to  it  the  property  of  "beading,"  or  hanging  in  peariy  drops  or  beads 
on  the  sides  of  the  glass  containing  it.  AVhen  gm  does  this,  it  is 
generally  supposed  to  be  strong  in  proportion  as  it  beads,  and  the  above 
jnixture  communicates  to  weak  gin  that  property,  so  that  at  will  be 
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evident  gin  can  he  considerably  diluted  with  water,  and  yet,  by  tlie 
addition  of  the  above,  appear  of  its  proper  strength.' 

But  opacitj'  is  not  the  only  evil  produced  by  the  addition  of  water 
to  gin ;  the  strength  and  flavour  of  the  gin  are  so  reduced  that  it  be- 
comes necessary  to  add  other  substances  to  restore  the  qualities  lost 
"by  dilution— these  being  siu/<ir  to  sweeten  it,  and  cayenne,  in  the  form 
of  tincture  of  cctpsicmi,  or  'r/rains  of  paradise,  to  give  it  pungency  and 
apparent  strength. 

The  flavour  and  properties  of  gin  are  fiu'ther  modified  by  the  use  of 
compounds  known  as  gin flavouriw/s. 

These  are  composed  of  various  cordial  and  aromatic  substances, 
each  distiller  usually  giving  the  preference  to  a  formula  of  his  own. 

In  Dr.  Muspratt's  '  Chemistry '  will  be  found  several  receipts  for 
gin  flavourings,  copied  from  the  note-book  of  an  extensive  spirit 
rectifier.    Two  of  these  are  as  follows  : — 

Plain  or  London  Gin  is  made  as  follows  : 
700  gallons  of  the  second  rectification. 
70  lbs.  German  juniper  berries. 
60  lbs.  coriander  seeds. 
3h  lbs.  almond  cake. 
I5  lb.  angelica  root. 
6  lbs.  liquorice  iDowder. 

For  the  manufactm-e  of  West  Country  Gin,  known  also  as  Plymouth 
gin,  the  annexed  is  the  process  given  in  Dr.  Muspratt's  work : — In- 
troduce into  the  stUl  700  gallons  of  the  second  rectification,  and  flavour 
with — 

14  lbs.  German  juniper  berries. 
]  J  lb.  calamus  root,  cut ;  and 
8  lbs.  sulphuric  acid. 

This  gin  is  much  used  in  Cornwall,  and  particularly  in  the  western 
counties  of  England ;  it  is  also  used  in  making  British  Hollands,  and 
in  that  case  is  mixed  with  about  five  per  cent,  of  fine  gin,  reduced  to 
twenty-two  imder  proof  with  liquor. 

Amongst  the  ingredients  enumerated  in  the  other  receipts,  and  not 
contained  in  those  above  given,  are  orange  peel,  calamus  root,  cassia 
buds,  onis  root,  cardamoms,  and  grains  of  paradise. 

In  Shannon's  work,  '  On  Brewing  and  Distilling,'  we  meet  with  the 
following  insti-uctions  for  reducing  unsweetened  gin,  and  for  preparing 
and  sweetening  British  gin : — 

To  Reduce  Unsweetened  Gin. 

A  tun  of  fine  gin   252  gallons. 

Water  36  „ 

Which,  added  together,  make      .      .      .      288  „ 
The  Doctor  is  now  put  on,  and  it  is  further 

reduced  with  water  19  „ 

Which  gives    ....      307  gallons  of  gin. 


812     SPIRITUOUS  LIQUOKS  AND  THEIR  ADULTERATIONS. 


'  This  done,  let  one  pound  of  alum  be  just  covered  with  water,  and 
dissolved  by  boilinp- ;  rummage  the  whole  well  together,  and  pour  in 
the  alum,  and  the  whole  will  he  fine  in  a  few  hours. 

'  To  Frcpnre  and  Siveeten  British  Gin. 

'  Get  from  your  distiller  an  empty  puncheon  or  cask,  which  will  con- 
tain about  133  gallons.  Then  talce  a  cask  of  clear  rectified  spirits— 120 
gallons— of  the'iisual  strength  at  which  rectifiers  sell  their  goods ;  put 
the  120  gallons  of  spirits  into  your  empty  cask. 

'  Then  take  a  quarter  of  an  ounce  of  oil  of  viti-iol,  half  an  ounce  of 
oil  of  ahuonds,  a  quarter  of  an  ounce  of  oil  of  tm-pentine,  one  ounce 
of  oil  of  juniper  berries,  half  a  pint  of  spmt  of  wine,  and  half  a  pound 
of  lump  sugar.  Beat  or  rub  the  above  in  a  mortar.  When  well  rubbed 
too-ether,  have  ready  prepared  half  a  gallon  of  lime  water,  one  gallon  of 
rose  water :  mix  the  whole  in  either  a  pail  or  cask,  with  a  stick,  till 
every  particle  shall  be  dissolved;  then  add  to  the  foregoing  twenty-five 
pounds  of  sugar  dissolved  in  about  nine  gallons  of  rain  or  Thames  water, 
or  water  that  has  been  boiled :  mix  the  whole  well  together,  and  stir 
them  carefully  with  a  stick  in  the  133-gallon  cask. 

'  To  force  dmvn  the  same,  take  and  boil  eight  ounces  of  alimi  m 
thi-ee  quarts  of  water  for  three-quarters  of  an  hour ;  take  it  from  the 
fire,  and  dissolve  by  degrees  six  or  seven  ounces  of  salt  of  tartar. 
When  the  same  is  milkwarm,  pom-  it  into  yom-  gin,  and  stir  it  well 
too-ether  as  before,  for  five  minutes,  the  same  as  you  would  a  butt  of 
beer  newly  fined.  Let  yom-  cask  stand  as  you  mean  to  draw  it.  At 
every  time  you  propose  to  sweeten  again,  that  cask  must  be  well 
washed  out,  and  take  great  care  never  to  shake  your  cask  while  it  is 

drawing.'  .       .    . ,     , , 

But  it  appears  there  are  other  little  practices,  besides  those  con- 
nected with  adulteration,  which  are  sometimes  had  recoiu-se  to  by 
retailers  of  spirits.  Mr.  Shannon,  from  whose  work  '  On  Brewino- 
and  Distming'  we  have  just  quoted,  gives  the  following  advice  and 
recommendations  as  to  certain  manipulations  and  particulars  whicli 
should  be  obsei'\'ed  in  retailing  spirits  over  the  counter. 

'  When  you  are  to  draw  a  sample  of  goods  to  show  a  person  that 
has  judgment  in  the  proof,  do  not  draw  your  goods  into  a  phial  to  be 
tasted,  or  make  experiment  of  the  strength  thereof  that  way,  because 
the  proof  will  not  hold  except  the  goods  be  exceedingly  strong- ;  but 
draw  the  pattern  of  goods  either  into  the  glass  from  the  cock,  to  run 
very  small,  or  rather  di-aw  off  a  small  quantity  mto  a  little  pewter 
pot,  and  pom-  it  into  your  glass,  extending  yom-  pot  as  high  above  the 
Slass  as  vou  can  without  wasting  it,  which  makes  the  goods  carry  a 
better  head  abundantly  than  if  the  same  goods  were  to  be  put  and 
tried  in  a  phial.  ,       _        .       „  ,, 

'You  must  be  so  prudent  as  to  make  a  distmction  of  the  peisous 
you  have  to  deal  with ;  what  goods  you  sell  to  gentlemen  for  their 
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own  use  who  requii-e  a  great  deal  of  atteudauce,  and  as  much  for  time 
of  payment,  vou  must  take  a  considerably  greater  price  than  of  others ; 
what"  goods  you  sell  to  persons  where  you  believe  there  is  a  manifest, 
or  at  least  some,  hazard  of  your  money,  you  may  safely  sell  for  more 
than  common  profit;  what  goods  you  sell  to  the  poor,  especially 
medicinally  (as  many  of  your  goods  are  sanative),  be  as  compassionate 
as  the  cases  require.' 

JResuUs  of  the  Analysis  of  Samj^les. 
ThefoUowiug  are  the  results  of  the  analysis  of  Thirty-eight  samples 
of  gin : — 

That  the  strenyth  of  the  various  samples  ranged  from  15,645  grs. 
to  34,160  grs.  per  imperial  gallon;  the  percentages  ranging  from 22-36 
to  48*80  per  cent,  by  volume. 

It  thus  appears,  that  some  of  the  spirits  contained  less  than  half  as 
much  alcohol  as  some  of  the  other  samples,  and  therefore  that  their 
commercial  value  was  reduced  to  the  enormous  extent  of  more  than 
one-half ;  thus,  supposing  the  stronger  sample  to  be  worth  12s.  per 
gallon,  the  weaker  woidd  be  worth  less  than  6s.  per  gallon.  This 
variation  in  the  strength  is  doubtless  principally  attributable  to  dilution 
with  water. 

That  the  quantity  of  sugar  ranged  from  2*43  per  cent,  to  9-28  per 
cent. 

That  tioo  of  the  samples  contained  oil  of  cinnamon,  or  more  probably 
of  cassia. 

That  seren  of  the  samples  contained  CiTENini!  pepper,  some  of  them 
in  very  large  quantity,  so  that  the  syrupy  extract  left  on  evaporation  ' 
possessed  a  burning  and  fiery  taste. 

That  in  no  case  was  free  sulphuric  acid  detected  ;  its  absence  being 
sufficiently  shown  by  all  the  samples  being  neutral  to  test  paper. 

That  most  of  the  samples  contained  sulphates,  chiefly  derived  from 
the  water  and  alum  used  in  the  adulteration  and  clarification  of  the 
^ns. 

In  addition  to  the  above  adulterations,  we  have  the  authority  of  a 
irin  distiller  for  stating  that  the  practice  of  adding  sulphate  of  zinc, 
or  as  it  is  commonly  called,  %chite  vitriol  or  xvhite  coppei-as,  to  gin 
ds  very  common.  Here  again,  then,  we  have  obtained  evidence  of  the 
iidulteration  of  gin  in  a  manner  calculated  to  prove  injurious  to  health. 

It  is  impossible  to  conceive  of  more  scandalous  adulterations  of 
^in  or  other  spirits  than  tliose  by  Cayenne  pejiper  or  grains  of  para- 
dise, for  they  are  almost  equaUj'  hot  and  pungent.  The  introduction 
into  the  stomach  of  raw  spirits  is  SLifficientty  destructive  to  health  of 
itself,  but  the  addition  to  the  spirit  of  such  powerful  and  acrid  sub- 
stances as  Cayenne  and  grains  of  paradise  forms  a  compound  which  no 
human  stomach  or  system,  however  strong,  can  long  withstand. 

Although  sulphuric  acid  was  not  present  in  any  of  the  samples  of 
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London  gin  which  we  examined,  it  is  yet,  no  douht,  sometimes  em- 
ployed, and  this  in  lar^-e  quantity.  Di-.  Muspratt  states  that  it  is  so  in 
West  Country  gin.  If  any  sample  of  gin  exhibit  an  acid  reaction, 
the  presence  of  sulphuric  acid  may  be  suspected,  and  it  may  be  dis- 
co-vered  simply  by  the  evaporation  at  a  gentle  heat  of  a  little  of  the 
gin,  placed  on  the  hob  of  a  fireplace.  As  soon  as  all  the  spirit  and 
water  have  been  driven  off,  the  sulphuric  acid  will  act  on  the  sugar, 
and  quickly  reduce  it  to  a  black  carbonaceous  mass. 

The  adulteration  of  gin  with  Cayenne  pepper  is  mostly  effected  by 
means  of  tincture  of  capsicum,  and  it  is  practised  in  the  majority  of 
cases  by  publicans.  We  were  acquainted  with  the  name  of  a  publican 
who  used  to  make  periodical  purchases  of  tincture  of  capsicum ;  we 
know  the  name  of  the  chemist  of  whom  he  purchased  it,  and  we 
detected  it  in  more  than  one  sample  of  the  gin  sold  by  him. 

We  have  often  in  the  course  of  this  work  commented  on  what  we 
conceived  to  be  the  remissness  of  the  Excise  authorities.  Here  is  a 
gi-oss  adulteration  of  gin,  commonly  practised,  and  detectable  in  a 
readv  and  simple  manner,  by  which  the  revenue  is  defrauded,  and 
which  is  seriously  detrimental  to  health  ;  and  yet  we  do  not  remember 
to  have  ever  heard  that  the  Excise  had  noticed  it  in  any  way,  or 
taken  any  steps  to  put  a  stop  to  so  iniquitous  an  adulteration. 


DETECTION  OF  THE  ADULTERATIONS  OP  GIN. 

The  principal  adulterations,  as  abeady  noticed ,  to  which  gin  is 
liable  are  with  loatcr  ;  Cayenne,  and  f/rams  of  iniradise  to  render  it 
fiery  and  pung-ent;  with  various  flavouring  substances,  including  almond 
cake ;  sulphuric  acid  to  give  it  sharpness  on  the  palate ;  and  certain 
mineral  constituents  employed  for  the  purpose  of  clarification,  as  mil- 
phate  of  alumina  and  jmtash  or  alu7n,  carbonate  ofiMash,  acetate  of  lead, 
and  sulphate  of  zinc.  . 

Estimation  of  2vater.— Since  the  gin  met  with  m  commerce  is  ot 
two  kinds,  sweetened  and  unsweetened,  in  the  one  case  it  will  be  neces- 
sary only  to  take  the  specific  gravity  of  the  spirit  and  to  determine 
from  it  the  amount  of  absolute  alcohol  by  weight  per  cent. ;  the  re- 
mamder  of  the  hundred  parts  will  consist  of  water.  But  in  the  case 
of  the  sweetened  gin  it  will  be  requisite  to  subject  it  to  distillation,  to 
estimate  the  alcohol  in  the  distillate,  and  to  weigh  the  sohd  matter 
left  after  complete  evaporation  on  the  water-bath.  By  the  first  pro- 
ceeding we  ascertain  the  number  of  alcohol  percentages  by  weight  in 
the  gin,  by  the  second  the  amount  of  solids,  the  water  making  up  the 

difference.  ,     , .  .  t  ,      •  4 

Estimation  of  alcohol.— For  the  methods  whereby  this  is  determined, 
the  reader  is  referred  to  the  articles  on  '  Wine," Beer,'  and  'Brandy, 
but  it  will  be  sufficient  in  the  case  of  gin  to  refer  to  the  last-named 
only. 
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Detection  of  Cayenne  pepper  and  (jrains  of  paradise. — Seo  tlie 
articles  on  '  Beer '  aud  '  Brandy.' 

Estimation  of  sugar. — The  solid  residue  left  on  the  evaporation  of 
a  given  quantity  of  gin,  wiU  represent  within  a  fraction  the  amount 
of  cane  sugar  Avhich  has  been  added  to  the  spii'it. 

Detection  of  certain  Carminatives  and  Flavoiirinr/  Substances. 

For  the  detection  of  these  two  methods  may  be  pursued.  The  one 
is  to  subject  a  portion  of  the  spmt  to  distillation  and  to  notice  particu- 
larly and  carefully  the  odom-  of  the  distillate. 

xVnother  method  is  to  evaporate  a  second  portion  of  the  spirit  on 
the  water-hath  at  a  very  gentle  heat,  and  to  carefully  taste  the  residue 
left,  as  soon  as  it  acquires  the  consistency  of  a  thin  syi'up.    One  of 
the  substances  which  will  readily  be  detected  in  this  manner  is  ginc/er. 

Detection  of  Cherry  Laurel  Water  or  Spirit  of  Almond  Cake. 

Distil  the  spirit  nearly  to  di-yness,  add  to  the  distilled  liquid  a  little 
caustic  potash,  evaporate  down  to  a  small  bxilk ;  add  a  few  drops  of  a 
solution  containing  ferrous  sulphate  and  ferric  chloride,  render  alkaline 
with  a  solution  of  potash  ;  now  add  a  little  hydrochloric  acid,  and  if 
the  liquid  acqim-es  a  blue  tinge,  the  spirit  under  examination  has  been 
flavom-ed  with  cherry  laurel  water  or  spirit  of  almond  cake. 

The  reactions  are  as  follow : — The  hydrocyanic  or  2}>'ussic  acid  of 
the  lam'el  water  and  almond  cake,  when  the  spirit  is  distilled,  passes 
over,  and  on  the  addition  of  the  potash  is  converted  into  cyanide  of 
potassivun  •,  the  addition  of  the  salts  of  iron  and  hydrochloric  acid 
occasions  the  formation  of  prussian  blue,  which  is  a  ferrocyanide  of 
iron. 

A  more  delicate  method  is  the  following,  fii-st  described  by  Liebig:  

The  liquid  must  be  distilled  as  before,  potash  added,  the  bulk  of' the 
spirit  reduced  by  evaporation  ;  hydrochloric  acid  must  next  be  added 
in  slight  excess,  and  then  a  drop  of  sulphide  of  ammonium,  and  the 
whole  heated  until  colourless.  A  little  perchloride  of  iron  must  now 
be  added,  when,  if  prussic  acid  be  present,  the  liquid  will  become  of  a 
blood-red  colom-.  Sulphocyanide  of  ammoniiun  is  formed  by  the  action 
of  sulphide  of  ammoniiun  upon  hydi-ocyanic  acid,  and  this,  like  other 
soluble  sulphocyanides,  strikes  a  blood-red  coloiu-  with  a  persalt  of 
iron. 

A  little  of  the  volatile  almond  oil  or  hydride  of  benzoin  will  of 
course  pass  over  as  well  as  the  hydrocyanic  acid  by  the  distillation  of 
the  spirit. 

We  come  now  to  treat  of  the  mineral  adulterations  of  gin,  including- 
those  with  free  sulphuric  acid  and  sulphates,  alum,  salts  of  lead  and 
zinc. 
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Estimtttion  of  comhined  and  free  sulphuric  acid. — For  tlie  deter- 
mination of  these  refer  to  the  articles  on  '  Water '  and  '  Vinegar.' 

The  addition  of  chloride  of  hariiun  to  gin  which  has  not  heen 
adulterated  with  water,  should  not  occasion  any  precipitation  _  of  sul- 
phate of  harium  if  the  water  contained  in  the  spirit  is  all  obtained  by 
distillation.  When  therefore,  on  the  addition  of  the  above  reagent,  a 
precipitate  be  thrown  down,  this  is  due  either  to  the  presence  of  free 
or  combined  sulphuric  acid ;  if  the  latter,  and  there  be  no  sulphate  of 
Kiuc  present,  the  sulphates  are  derived  either  from  the  water  iised  for 
the  dilution  of  the  spirit  or  from  the  alum  employed  for  clarifying  and 
beadino- it,  so  that  the  presence  of  sulphates  affords  in  most  cases  a 
certain°indication  of  the  adulteration  of  gin  vAt\\  water.  Although  it 
must  be  remembered  that  possibly  the  sulphuric  acid  of  the  sulphate  of 
Ijarium  thrown  down  might  be  derived  from  the  acid  of  the  alum.  _ 

Of  ten  samples  of  gin  to  which  the  solution  of  chloride  of  barium 
was  added,  four  turned'slightly  opalescent,  but  scarcely  any  deposition 
of  sulphate  occurred ;  while  in  six  of  the  samples  there  was  a  decided, 
and  in  three  a  considerable,  precipitation.  These  gins  were  like-nase 
evaporated,  the  residues  dissolved  in  a  little  distilled  water,  and  the 
solution  divided  into  two  parts  ;  to  one  the  acid  solution  of  chloride  of 
barium  was  added  as  before,  when  sulphate  of  barium  was  thrown 
'down  in  every  case,  and  in  most  in  great  abundance.  The  other 
half  of  the  solution  was  tested  for  zinc.  In  no  instance  was  any  pre- 
cipitate observed,  from  which  the  absence  of  zinc  is  to  be  infen-ed. 
These  observations  as  to  the  presence  of  sulphates  in  gin  are  important, 
because  they  afford  in  many  cases  the  means  of  judging  of  the  adul- 
teration of  gill  M  tl^e  addition  of  water.  Heretofore  the  presence  of 
added  water  has  been  inferred  rather  than  proved,  from  the  deficiency 
■of  alcohol  in  the  spirit  supposed  to  contain  the  water.  But,  again,  it 
must  be  remembered  that  w^aters  are  met  vdi)i  which  are  almost 
•entirely  free  from  combined  sulphuric  acid. 

There  is  only  one  other  som-ce  of  fallacy  with  which  it  is  necessary 
that  we  should  be  acquainted.  Supposing  sulphuric  acid  to  have  been 
.added  to  the  gin,  a  precipitation  would  equally  occur  although  no 
water  had  been  added,  on  the  addition  of  chloride  of  baiimu.  ihis 
fallacv  may  be  guarded  ag-aiust  by  ascertaining  in  the  first  place  whether 
the  n-in  exhibits  an  acid  reaction  or  not  to  test  paper,  and  if  it  does,  we 
must  then  proceed  as  directed  for  the  determination  of  free  and  com- 
"bined  sulphmic  acid.  „  ,,      •  -< 

The  detection  of  alum  in  r/m.— Add  to  50  cc.  of  the  gin  a  few 
cc  of  a  solution  of  chloride  of  ammonium,  and  render  the  mixture 
-distinctly  alljaline  with  ammonia.  If  a  white  precipitate  be  thrown 
down  which,  after  being  washed  with  distilled  water,  is  soluble  in 
caustic  potash,  almn  is  proved  to  be  present.  The  precipitate  may  be 
.collected,  dried,  burnt  and  weighed,  and  calcidated  tor  alum. 

But  since  alum  is  often  used  in  conjunction  with  carbonate  ot  potash, 
the  alumina  will  not  be  usually  found  in  the  spirit,  since,  for  the  most 
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part,  it  vd]!  he  precipitated  by  the  alkali  used,  and  -wluch  itself  will  be 
converted  into  sulphate  of  potash. 

Detection  of  lead. — The  full  details  of  the  methods  for  the  detection 
of  lead  have  ah'eady  been  given  in  the  article  on  '  Vinegar.' 

Ten  different  samples  of  gin  were  examined  for  lead,  but  only  in 
one  case  did  siilphm'etted  hyc&ogen  produce  a  decided  brownish  colora- 
tion ;  in  some  of  the  others  slighter  colorations  were  observed,  but  in 
none  of  the  gins  was  lead  discovered  in  the  ashes  treated  with  nitric 
acid  and  water.  If  lead  was  therefore  present  in  any  of  the  samples 
it  was  so  only  in  traces. 

The  absence  of  lead  may  be  explained  in  some  cases  even  where  it 
has  reaUy  been  used  in  the  foUowiug  manner.  The  lead  of  the  acetate 
would  combine  with  the  sulphates  of  the  water,  and  the  insoluble 
sulphate  of  lead  would  be  precipitated  ;  it  is,  therefore,  only  when  the  = 
quantity  of  lead  added  is  in  excess  of  the  sulphates,  that  it  would  be 
foimd  in  gin,  and  when  sulphates  are  present  in  gin  we  may  conclude 
that  it  does  not  contain  more  than  traces  of  lead. 

Detection  of  sulphate  of  zinc  in  gin. — Evaporate  100  cc.  of  the  gin 
to  at  least  one  half,  so  as  to  get  rid  of  the  alcohol ;  restore  to  the  original 
volume  by  the  addition  of  water,  and  divide  into  two  portions,  testing 
the  one  for  sulphm'ic  acid  and  the  other  for  zinc,  after  neutralisation 
with  ammonia,  by  the  addition  of  sulphide  of  ammonium. 

We  will  now  enquire  as  to  the  capabilities  of  the  Excise  to  detect 
adulterations  in  spirits ;  and  first  the  reader  may  be  reminded  that 
adulteration  has  been  found  to  be  rife  in  brandy,  rum,  and  gin.  As  in 
so  many  other  cases,  we  need  only  refer  to  the  evidence  of  Mr.  George 
Phillips  to  be  made  acquainted  with  the  state  of  the  case  as  respected 
the  knowledge  of  the  Excise  some  years  since. 

Mr.  Villims.  '  We  have  had  evidence  here  to  the  effect  that  a  mix- 
ture or  adxdteration  is  invariable  in  all  public-houses :  what  is  the  course 
adopted  with  a  view  to  detecting  those  practices  ?  ' — '  The  fact  is,  we 
have  abandoned  what  is  termed  stock-taking  of  the  retailers.  The  ti-ade 
is  thrown  open,  and  they  are  left  to  do  pretty  much  as  they  lilie.  At 
the  present  moment,  so  far  as  stock-taking  is  concerned,  we  have  power 
to  take  their  stock  if  we  think  proper ;  the  goods  are  sent  in  with  a 
permit,  and  the  trader  enters  them  in  a  book,  and  when  the  officer 
goes  he  takes  up  this  document  representing  the  receipt  of  a  certain 
spirit,  and  if  we  think  proper  we  can  take  the  stock.' 

*  Is  not  the  revenue  defrauded  in  this  way  ? ' — '  I  think  not.  If  the 
public  wished  to  drink  gin  at  50  per  cent,  xmier  proof,  the  retailer 
could  have  it  sent  to  him.  The  law  prohibits  him  from  putting  anything 
to  it  himself.  He  is  not  alloxved  to  add  sugar  or  ivate)'  to  his  gin  ;  it  is 
an  act  of  compounding  which  we  do  not  recognise.^ 

'  The  duty  is  not  paid  on  gin  and  water  ?  ' — '  No  ;  it  is  paid  on  the 
spirit.  Suppose,  for  instance,  the  publican  buys  his  gin  at  17  under 
proof.  That  may  be  too  strong  for  ordinary  taste,  and  therefore  the 
publican,  when  he  gets  it  at  that  strength,  reduces  it  probably.  / 

8  Q 
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cannot  say  that  he  does  so  from  actual  knowledge,  but  we  may  suppose 

that  lie  does.'  ,  ,  j       i  •  • 

It  is  notorious  that  the  puhhcan  almost  constantly  reduces  his  gin 
with  water,  adds  sugar,  and  often  Oayemje  and  other  ingredients  As 
has  heen  stated  hy  Mr.  Phillips,  the  law  prohibits  this  act  of  com- 
noundTn-  and  has^harged  the  Excise  with  the  duty  of  ascertaimng 
Shernhe  prohibition  is  observed  or  not ;  but  the  Excise  leaves  the 
Sicans  '  to  do  pretty  much  as  they  like,'  and  consequently  they  are 
Suable  to  speak  to  facts  in  regard  to  the  adulteration  of  gin  which 
are  notoSoi^  to  the  public  at  large.  But  let  us  observe  what  further 
Mormation  Mr.  Phillips  affords  the  Committee  respecting  the  adul- 

^'"'c'Am-mr  Have  you  heard  of  Cayenne  pepper  bein-  mixed  with 

? I  have  heard  so  ;  it  could  be  detected,  of  course. 
•     Mr  Villiers.  '  Have  you  never  had  any  experience  of  the  adultera- 
tion of  spirits  during  the  twelve  years  you  have  spoken  of?  — I  do  not 

'■''"as^mndy  ever  adulterated  ?  '-'  If  you  view  colouring  matter  as 
adulteration,  it  is  always  adulterated.' 

<  Do  vou  know  if  it  is  ever  reduced  with  water  and  then  made 
stronger  by  the  introduction  of  other  ingredients  ?  I  cannot  speak 
to  ?he  use  of  other  ingredients.    I  have  no  knowledge  of  what  a  par- 

'''"JThttXS  tiich  has  been  given  before  the  Committee,  there- 
fore, has  not  reached  the  Excise  yet  ? '-'  I  have  not  seen  it 

These  replies  certainly  evince  an  amoimt  of  ignorar.ee  of  the  adul- 
teratSoccurring  in  the  articles  enmnerated  which,  considering  the 
position  and  duties  of  the  Excise,  is  reaUy  astounding. 


Preparation  of  Potato  Spirit. 
Alr-n-hol  is  nrenared  from  potatoes  on  a  large  scale  by  two  methods. 
The^otatoe  arboied,  mashed  between  cylinders  and  the  thick  pulp 
J^f^^nMafned  mixed  with  crushed  malt  and  water,  and  the  mixture 
thus  in  the  usual  manner,  or  the  potatoes  are 

I'^Y^^^ti  wtteTconSing  some  sulphuric  acid,  for  some  hours  mitil 
boiled  with  water  coii«i"^"o      ,    .         j  ^    g^t  suo-ar,  this  solution 

Sr^t  piw^^^^^^  these  processes  being,  conducted  m  the 

s°amrw%^sinthecaseofspil■i^^^^^^^^ 

A  considerabb  K^^^ettSsli^^^^^^^^^^  and  the  spirit 

Srain^fxetXVcSy  the  alcohoUc  liquid  denominated  'Hoi- 
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CHAPTER  XLVII. 

ON  THE   UTENSILS  EMPLOYED  IN  THE  PREPARATION 
AND  STORAGE  OF  FOOD. 

Many  articles  of  food  are  Tsryapt  to  become  more  or  less  contaminated 
witli  various  metallic  substances  through  the  vessels  employ ed,_  either  to 
cook,  store,  or  convey  them  from  one  vessel  to  another.  Many  instances 
have  already  been  given  of  contamination  arising  through  contact  with 
vessels  either  consisting  entirely  of  metal,  or  into  the  composition 
of  which  metallic  substances  enter ;  but  on  the  present  occasion  we 
propose  to  deal  with  this  subject  more  comprehensively  and  by  itself. 
It  is  very  important  that  the  analyst  should  have  as  thorough  a 
knowledge  of  the  contaminations  to  which  articles  of  food  are  liable 
as  of  th6  adulterations  to  which  they  are  subject,  lest  he  confound 
the  one  with  the  other,  and  charge  a  manufacturer  with  adulteration 
when  the  case  is  one  of  careless  and  accidental  impregnation  only. 
Now  the  action  of  articles  of  food  upon  metals  is  dependent  upon 
several  circiimstances,  and  especially  upon  the  composition  of  the  food 
:  itself.    For  food  to  become  contaminated  with  a  metal  derived  from 
the  vessel  in  which  it  is  cooked,  it  is  not  sufficient  that  the  metal 
and  the  food  be  brought  into  contact,  but  such  agencies  must  be  in 
operation  as  cause  a  solution  of  a  portion  of  the  metal.   The  first  of 
these  is  oxygen,  which,  since  it  is  a  constituent  of  the  atmosphere,  and 
;  is  always  contained  in  water,  is  everywhere  present.    By  this  agent 
.  oxides  of  the  metals  are  formed.  The  second  consists  in  the  free  acids 
I  of  the  food ;  these  do  not  act  usually  upon  the  metals  themselves,  but 
I  upon  the  oxides  abeady  referred  to,  forming  with  them  various  salts 
I  of  greater  or  less  solubility.  A  third  agency  is  found  in  the  substances 
i  added  by  the  cook  to  various  articles  of  food,  including  acetic  acid  or 
vinegar,  chloride  of  sodium  or  salt,  and  alkalies  as  soda.    The  action  of 
i  acetic  acid  has  already  been  explained,  that  of  the  chloride  of  sodium 
'  would  appear  to  be  due  to  the  liberation  of  a  portion  of  its  chlorine, 
'while  the  action  of  the  alkalies  is  thus  accounted  for.    Oxide  of  lead 
iin  some  cases  plays  the  part  of  an  acid,  forming  with  bases  plumbates  ; 
;  thus  if  soda  be  used  a  plumbate  of  soda  is  formed. 

It  would  appear,  therefore,  that  meats  which  have  been  salted  are 
I  more  liable  than  other  meats  to  act  upon  any  soluble  metal  which 
1  might  be  in  the  utensil  in  which  it  is  cooked — as,  for  example,  solder. 
Other  substances  which  are  capable  of  exerting  a  solvent  action 
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upon  many  metals  are/^is  and  sulphur.  Tlie  action  of  fats  upon 
metals  is  thus  explained.  The  oxides  of  some  metals  as  of  copper  and. 
lead  readily  decompose  a  portion  of  the  fat,  glycerme  bemg  set  Iree,  and 
comhinations  of  the  fatty  acids  mth  the  metals  ensmng 

Subhur  exists  in  meat  and  m  many  kinds  of  vegetables,  as  onions, 
nartly  in  the  form  of  sulphides.  These  readily  hecome  decomposed, 
unitino-  with  any  metal  with  which  they  come  into  contact.  _ 

Innresei-vinq  many  substances,  as  inmakmg  various  descriptions  of 
iams  as  is  commonly  done,  in  copper  vessels  the  fruits  are  exceedingly 
"ant  to  hecome  contaminated;  this  contamination  is  due  m  part  to  the 
oxidation  of  the  metal  and  the  subsequent  formation  of  the  soluble 
tartrate,  acetate,  or  malate  of  copper,  as  the  case  may  be  ;  but  it  is 
also  in  part  due  to  the  peculiar  action  of  the  sugar  forming  with 
several  metallic  oxides  so-called  saccharides.  The  oxygen  of  the 
oxides  takes  away  part  of  the  hydrogen  of  the  sugar  to  form  water, 
the  metal  taking  the  place  of  the  hydrogen.  ,  ,    ,     ,  n  , 

Since  it  is  necessary  that  the  copper  and  other  metals  should  become 
oxidised  before  the  formation  of  any  soluble  salt  can  take  place  we 
have  in  this  circumstance  the  strongest  possible  reason  why  the  friut 
or  other  substance  prepared  in  copper  or  other  metallic  vessels  shoidd 
not  be  allowed  to  remain  in  contact  with  them  a  moment  longer  han 
is  absolutely  necessary,  and  why  these  vessels  should  be  always  kept  . 
as  br  -ht  and  clean  as  possible.    Should  the  vegetable  substances  be 
a  lowed  to  remain  in  a  copper-  pan  for  any  length  of  tmie  the  gTeatest 
actil  will  be  foimd  to  take  place  at  the  margin  where  the  aii-,  fruit, 
and^pper  all  come  into  contact.    Here  will  be  the  gi-eates  foi-mation 
of  o3e^  and  consequently  of  soluble  salts  of  that  metal  which,  if  the 
Wt  be  aUowed  to  remain  in  the  vessel  for  a  sufficiently  long  time  wiU 
reveal  tClelves  bv  their  green  colotu-,  forming  what,  is  popidarly 
Imown  as  ve^-digris,  "but  which,  in  the  present  case,  consists  chiefly  of 

""''f:.  made  of  iron,  copper  bi.ss,  and  tin  and 

hence  when  articles  of' food  are  cooked  in  these  utensOs,  they  are  very  apt 
to  DBCore  contaminated  with  the  metals  of  which  they  are  composed, 

"Tui  maoH  of  tke  tin  employed,  «pecMy  ''"t 
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the  Tarious  acids  of  fruit.  Hence,  while  the  tin  lining  of  vessels,  so 
lono-  asthecoatincr  is  complete,  precludes  the  action  of  the  articles  con- 
tained in  it  upon  the  more  soluble  and  injurious  metals,  it  is  yet 
attended  with  certain  dangers  of  its  own,  hut  which  no  doubt  are  far 
less  considerable  than  those  arising  from  the'use  of  uncoated  metallic 
vessels.  On  the  whole,  therefore,  it  may  be  said  that  tin  vessels,  or 
those  lined  with  tin,  are  the  best  of  all  metal  vessels  employed  for 

So  commons  the  practice  of  making  vessels  of  copper  that,  when 
of  larc^e  size,  they  are  commonly  distinguished  by  the  name  ot  coppei^. 
The  water  used  to  cleanse  our  clothes  is  boiled  m  such  vessels,  and  the 
wort  of  brewers  is  always  boiled  in  utensils  composed  of  copper._  It  is 
from  this  source  that  beer  obtains  its  not  unfrequent  contamination 
with  copper.  Mr.  Mitchell  has  stated  that  he  found  copper  m  a  great 
varietv  of  samples  of  beer  which  he  examined. 

Another  way  in  which  articles  of  consumption  frequently  become 
contaminated  with  copper  is  by  boiling  vinegar  in  copper  vessels. 
This  is  done  for  the  express  purpose  of  causing  the  vinegar  to  dis- 
solve a  portion  of  the  copper,  so  that  the  metal,  when  the  vinegar  is 
brought  into  contact  with  the  pickles  to  be  preserved,  should  impart  to 
them  an  imnatiu'ally  green  coloui-. 

The  green  colom-  of  gi-eengage  and  gooseben-y  jam  is  usually  due  to 
the  copper  removed  from  the  vessels  in  which  these  jams  are  prepared, 
throush  the  agency  of  the  acids  contained  in  the  fruits ;  but  sometimes 
the  copper  is  directly  added  in  the  form  of  the  sulphate  of  the  metal, 
commonly  known  as  blue  stone. 

Again,  it  is  known  to  every  housekeeper  that  a  very  common 
practice  whereby  vegetables,  as  peas  and  French  beans,  are  greened, 
is  to  put  into  the  saucepan  a  penny  piece ;  and  in  this  case  the  copper 
is  absti-acted  from  the  coin  partly  through  the  agency  of  the  acids- 
of  the  vegetable,  but  also  in  some  instances  through  certain  of  the 
saline  substances  present  in  the  water. 

To  sum  up.  M.  Thierry,  who  wi-ote  a  thesis  on  the  noxious 
qualities  of  copper,  observes  that  '  our  food  receives  its  quantity  of 
poison  in  the  kitchen  by  the  use  of  copper  pans  and  dishes.  The  brewer 
mingles  poison  in  our  beer  by  boiling  it  in  copper  vessels.  The  sugar 
baker  employs  copper  pans,  the  pastrycook  bakes  om-  tarts  in 
copper  moidds,  the  confectioner  uses  copper  vessels,  the  oilman  boils 
his  pickles  in  copper  or  brass  vessels,  and  verdigris  is  plentifully 
formed  by  the  action  of  the  vinegar  upon  the  metal.' 

An  alloy  greatly  used  in  the  manufacture  of  cooking  utensils, 
and  in  that  of  vessels  intended  for  storage,  as  also  in  the  malring 
of  pipes  and  taps,  is  brass,  which  is  compounded  of  two  parts  of 
copper  to  one  of  zinc.  Thus  we  have  brass  saucepans  And  teakettles, 
brazen  ewers  and  tubs,  and  brass  pipes  and  taps  innumerable.  The  two 
metals  entering  into  the  composition  of  this  alloy  are  both  very  soluble, 
their  combinations  and  solutions  being  of  a  highly  poisonous  character. 
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In  place  of  teing  lined  with  tin,  many  vessels,  both  metallic  and 
earthenware,  are  provided  with  a  protective  lining  or  glaze.  Thas  sauce- 
pans, kettles,  fi-yiug-pans,  and  gridirons  are  all  commonly  lurmshed 
with  such  a  coating,  as  also  earthenware  hakmg  and  pie-dishes,  pans 

and  iars  of  various  kinds.*  , .  ,  ■  ^    ^•  r.f 

The  fflazino-  employed  is  of  two  kinds.  The  one  consists  chiefly  ot 
a  silicate  of  alumina  and  potash  with  a  proportion  of  sulphate  or  phos- 
nhate  of  lime,  hut  other  substances  are  also  sometimes  made  iise  ot. 
It  is  with  this  Mud  that  metallic  vessels  are  usually  lined,  into  the 
composition  of  the  other  lead  enters,  in  the  several  forms  of  galena  or 
sulphide  of  lead,  ivhit.e  lead,  litharge,  and  minium. 

The  first  kind  of  glazing  is  exceedingly  insoluble,  and  it  lorms  un- 
doubtedlv  the  best  material  which  has  hitherto  been  devised  with 
which  to  line  copper  and  iron  vessels.  It  is  to  be  regi-etted,  however, 
that  it  is  so  brittle  and  liable  to  crack,  either  fi-om  heat  improperly 
applied  or  violence  of  any  land.  „    .     ,        ^      i!  ■ 

The  second  Mnd  of  glazing  is  used  chiefly  m  the  coating  ot  the  in- 
terior of  baMng  and  pie  dishes,  pans  and  jars,  and  is  hi-hly  objection- 
able in  consequence  of  its  composition  and  its  ga-eater  solubility  it  is 
a  common  practice  to  bake  meat  in  such  dishes,  and  here  the  tatty 
matter  wWch  flows  from  the  joint  will  be  sure  to  exert  a  solvent  action 
upon  the  glaze.  It  is  equaUy  common  to  store  jam  and  bake  truit  m 
siich  jars  and  dishes,  the  acids  strongly  acting,  of  course,  upon  the 

"  The  efficiency  of  the  lead-glaze  depends  in  a  measure  upon  the 
baldno-.  It  is  stated  in  '  Muspratt's  Ohemisti-y  '  that  badly  baked  ware 
readily  afl-orded  ind  cations  of  the  presence  of  lead  when  digested  for 

'"'^K  sWd^rfcoUected  that  the  glazes  are  often  coloured,  a  varie^ 
of  other  poisonous  metals  entering  into  the  composition  «f  t^^/  "j;?- 
ino-  used,  and  here  again  we  encounter  an  additional  som-ce  of  metaUic 

'^r^^  gSng  of  cream-coloured  eartl.nwa^  Accu^ 
has  written Pots  of  this  kind  of  stoneware  are  wholly  unfit  to  con- 
faTnTelUes  of  fruits,  marmalade,  and  similar  conserves.  Pickles  should 
in  no  case  be  deposited  in  cream-colom-ed  earthenware. 

'  The  baMng  of  fruit  tarts  in  cream-coloured  earthenwaie,  and  the 
aaltino-  and  preserTing  of  meat  are  no  less  objectionable.  All  Mnds  ot 
froTShkh  contain  f^ee  vegetable  acids-  or  saline  preparations  attack 
utensrcovered  with  a  glaze  in  the  composition  of  which  lead  enters 

TSStllToi  metallic  contamination  in  cooked  articles  of  food 
istheTJi;  employed,  especially  in  maMng  tin  vessels,  the  solder  con- 
sisting of  a  mixture  of  lead  and  tm.  lippnmft 
In  storing  as  well  as  cooMng,  certain  articles  9^.  J*;";^^^ 
largely  contaminated  with  various  metals,  especially  with  lead,  zinc, 
and  copper. 
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Lead  is  sometimes  derived  from  the  vessels  made  of  that  metal,  or 
as  already  pointed  out,  from  the  glazing  into  the  composition  of  which 

Lead  is  a  metal  which  used  formerly  to  be  very  commonly  employed 
in  the  formation  of  vessels  intended  for  the  preparation  and  storage  of 
various  articles  of  food,  as  particularly  cider  and  milk. 

After  what  has  already  been  said,  no  further  remarks  need  be  made 
on  the  dano-er  of  the  use  of  leaden  vessels  in  the  preparation  of  cider. 
The  action"  of  fresh  and  sweet  milk  upon  the  metal  may  perhaps  he 
triflino",  hut  if  the  milk  become  sour,  lactic  acid  is  formed,  and  this 
dissolves  lead  with  the  greatest  ease,  lactate  of  lead  being  very  soluble 

in  water.  p  t    •  j  • 

A  striking  illustration  of  the  effects  of  the  storage  of  liqmds  in 
leaden  vessels  is  afforded  by  the  simple  case  of  the  retention  in  a  wine 
bottle  of  a  few  of  the  shot  used  to  cleanse  it.  The  wine  has  been  found 
to  have  become  highly  charged  with  both  lead  and  arsenic,  the  shot  in 
some  cases  being  much  dissolved  and  eaten  away. 

Another  metal  which  used  to  be  much  employed,  and  which  is 
still  used  for  storage  piu-poses,  is  zinc.  Milk  is  still  not  imfrequently 
kept  in  pails  and  pans  made  of  this  material,  the  result  being  similar 
to  that  arising  from  the  use  of  leaden  vessels  for  the  storage  of  milk, 
but  in  this  case  lactate  of  zinc  becomes  formed  with  even  greater  fa- 
cility than  the  con-esponding  salt  of  lead.  Very  serious,  if  not  fatal 
results  have  been  known  to  follow  the  use  of  leaden  and  zinc  vessels 
for  the  storage  of  milk. 

It  has  been  stated  that  the  use  of  zinc  vessels  is  attended  with  an 
increased  yield  of  cream,  amoimting,  it  is  said,  to  as  much  as  twelve 
per  cent.  This  result  is  thus  explained  ;  the  acid  formed  as  the  milk 
turns  sour  is  neutralisedby  the  zinc,  the  coagulation  of  the  milk  is  thereby 
prevented,  and  it  remains  consequently  perfectly  fluid  and  so  allows  of 
the  easy  ascent  of  the  fat  globules. 

Formerly,  and  the  same  is  still  to  some  extent  the  case,  vessels  of 
copper  were  used  for  storage,  a  metal  which,  as  we  have  seen,  is  easily 
oxidised  and  readily  converted  into  soluble  salts. 

Another  class  of  vessels  constantly  employed  for  the  storage  of 
liquids,  especially  malt  beverages,  is  made  of  pewter,  which  consists  of 
an  aUoy  of  lead  and  tin,  with  a  little  antimony  and  copper,  audit  fonns 
the  material  of  which  all  the  pots  of  publicans  are  composed.  This 
alloy  is  exceedingly  soft,  and  is  readily  acted  upon  by  the  acids  of  the 
beer.  When,  as  is  usually  the  case,  the  vessels  are  kept  perfectly  clean 
and  bright,  and  when  the  liquor  is  allowed  to  remain  in  them  only  for 
a  few  minutes,  the  metallic  impregnation  of  the  beverage  is  but  slight, 
but  if  it  remain  in  contact  with  them  for  some  time,  it  will  become 
charged  with  the  metals. 

Formerly  it  was  not  an  uncommon  thing  for  plates  or  platters  to 
be  made  of  pewter,  and  when  the  food  was  allowed  to  remain  in  the 
plates  for  some  time,  or  was  of  a  greasy  or  acid  nature,  a  portion  of  the 
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metal  was  very  liable  to  become  dissolved ;  and  tlien  again,  particles 
of  tlie  metal  were  sometimes  actually  removed  either  in  the  course  of 
cleansing  the  plates,  or  by  the  action  of  the  knife  in  eating.  It  is  still 
no  unusual  circumstance  to  meet  with  such  plates,  and  we  have  our- 
selves often  eaten  off  them.  Their  great  recommendation,  especially 
in  former  times,  when  crockery  was  not  so  cheap  as  it  is  now,  was  their 
not  being  liable  to  be  broken. 

It  is  also  a  common  practice  to  store  milk  m  glazed  vessels. 
Here  the  same  objection  obtains,  and  danger  arises,  the  lead  of  the 
glaze  being  quickly  acted  upon  by  the  acids  of  the  milk  as  in  the  case 
of  storing  milk  in  lead  or  other  metallic  vessels. 

Such'' glazed  vessels  are  very  commonly  used  in  the  making  of 
cheese,  especially  abroad :  in  some  instances  the  milk  is  intentionally 
allowed  to  become  sour,  of  course  with  an  action  correspondingly  great 

on  the  glaze.  ^,     ^     j  • 

Vinegar,  wine,  spirits,  and  water  are  all  very  frequently  stored  m 
glazed  earthenware  bottles  or  jars,  and  they  are  all  in  consequence  very 
liable  to  be  contaminated  thereby. 

The  acid  of  the  vinegar  would  of  course  act  speedily  and  greatly 
upon  the  glaze ;  wine  and  spirits  also  contain  acids  which  would  be 
liable  to  exert  a  similar  action  ;  while  some  of  the  acids  and  salts  of 
water,  especially  the  impure  waters  often  sent  to  chemists  for  analysis, 
would  lead  to  a  lilte  result.  So  much  is  this  the  case,  that  we  have 
been  constantly  in  the  habit  of  insisting  that  the  samples  of  water  sent 
for  analysis  should  always  be  stored  in  glass  vessels.  In  the  case  ot 
water,  it  is  not  alone  the  glazing  which  becomes  dissolved,  but  some- 
times a  considerable  quantity  of  the  substance  of  the  jar  itself,  lime 
and  sulphm-ic  acid  being  thus  frequently  introduced  into  the  waters 
to  be  analysed.  •  „ 

Again,  metallic  contaminations  are  exceedingly  apt  to  arise  trom 
the  various  metals  which  enter  into  the  composition  of  the  pipes  ^nd 
taps  employed  in  the  storage  and  conveyance  of  various  hqmd  articles 
of  food.  It  is  in  this  manner  that  the  presence  of  lead,  copper,  zmc, 
and  tin  is  explained  in  vinegar  and  aerated  waters.        _  _ 

Lastly,  in  Parkes'  'Chemical  Essays'  a  curious  practice  is  recorded 
whereby  lead  in  the  metallic  state  is  introduced  into  an  article  ot 
food.    It  appears  that —  .  e^^ 

'  In  some  parts  of  the  North  of  England  it  is  customary  for  the 
innkeeper  to  prepare  the  mint  salad  by  bruising  and  grinding  the  vege- 
tables in  a  large  wooden  bowl  with  a  baU  of  lead  of  12  or  14  lbs.  weight 
In  this  operation  the  metal  is  cut  and  portions  of  the  lead  are  ground 
off  at  every  revolution  of  the  ponderous  instrument.  In  the  same 
country  it  is  the  common  practice  to  have  brewing  coppers  consti-ucted 
with  a  bottom  of  copper,  and  the  whole  sides  of  lead. 

From  all  that  has  been  advanced  it  will  be  evident  that  the  greatest 
possible  cleanliness  should  be  insisted  upon  in  the  c^e  of  aU  metallic 
cooHng  utensils.  No  food  ought  to  be  allowed  to  stand  m  them  lor  any 
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length  of  time,  especially  when  cold,  since  cold  liquids  absorb  and  re- 
tain more  oxygen  than  when  hot ;  the  vessels  ought,  when  the  cooking 
is  tiiiished,  to'  be  emptied  as  soon  as  practicable  and  thoroughly  cleansed 
with  hot  water,  and  be  wiped  quite  dry,  and  they  should  not,  as  is  too 
often  the  case,  be  allowed  to  clean  themselves  simply  by  the  draining 
awav  of  their  contents. 

It  should  not  be  forgotten  that  the  action  of  nearly  all  the  metals, 
when  introduced  into  the  human  system,  is  cumulative,  that  is  to  say, 
that  the  dose  of  one  day  is  added  to  that  of  the  day  following,  so  that, 
however  small,  and  comparatively  harmless  the  quantity  of  metal 
introduced  at  a  meal  may  be,  the  time  at  len.gth  arrives  when  the  system 
becomes  so  impregnated  as  to  occasion  inim-ious  and  even  poisonous 
results.  This  \'iew  of  the  matter  demonstrates  the  necessity  of  insisting 
upon  the  absolute  freedom  of  all  articles  consumed  as  food  from  even  the 
minutest  amount  of  avoidable  metallic  contamination. 

In  reference  to  this  point  we  may  quote  the  following  observations 
from  Accum : — 

'  Though  after  all  a  single  dose  be  not  mortal,  yet  a  quantity  of 
poison,  however  small,  when  taken  at  every  meal,  must  produce  more 
fatal  effects  than  are  generally  apprehended,  and  different  constitutions 
are  differently  affected  by  minute  quantities  of  substances  that  act 
powerfully  on  the  system.' 

We  do  not  propose  in  this  place  to  give  the  processes  for  the  de- 
tection of  the  several  metals  to  which  we  have  refeiTed,  since  they 
will  be  found  fully  described  elsewhere  in  this  work  under  their 
appropriate  headings. 
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ON  THE  BLEACHING  OF  GINSBE. 


{Beprintcd  from  Travers  Sf  Son's  Weekly  Circular,  May  7,  1860.) 

When  water,  sulphuric  acid,  and  chloride  of  lime,  which  is  a  mixture 
of  hypochlorite  of  calcium  and  of  chloride  of  calcium,  are  mixed  together, 
and  agitated  as  in  the  process  ordinarily  adopted  for  the  bleaching  of  ginger, 
several  chemical  changes  ensue  and  continue  in  operation  for  some  hours 
subsequent  to  the  mixing  of  the  ingredients. 

Through  the  action  of  the  sulphuric  acid  on  the  hypochlorite  of  cal- 
cium, hypochlorous  acid  is  evolved,  whilst  the  chloride  of  calcium  present 
yields  hydrochloric  acid.  Now,  since  hypochlorous  and  hydrochloric  acids 
cannot  exist  together,  water  and  chlorine  are  formed,  the  sulphuric  acid 
uniting  with  the  lime,  sulphate  of  lime  resulting.  liastly,  when  the  sul- 
phur is  ignited  to  which  the  ginger  is  exposed  in  the  last  part  of  the  process 
of  bleaching,  sulphurous  acid  gas  is  abundantly  formed.  Such,  stated 
in  as  few  words  as  possible,  is  an  outline  of  the  chief  chemical  changes 
attending  the  process  usually  pursued  for  the  bleaching  of  ginger. 

It  is  obvious  from  the  ingredients  employed,  as  well  as  from  a  consider- 
ation of  the  changes  above  alluded  to,  that  in  any  analysis  made  for  the 
purpose  of  ascertaining  the  effects  of  the  process  on  the  condition  and 
wholesomeness  of  the  bleached  ginger,  the  principal  points  which  require 
to  be  determined  are  the  quantities  of  lime,  chlorine,  and  sulphuric  acid 
contained  in  the  unbleached  and  bleached  gingers.  These,  as  also  certain 
other  particulars,  will  be  found  set  forth  in  the  following  analyses:— 


Unbleached  Ginger  1,000  grs. 


•45 
6-37 
3-75 


Chlorine  . 
Sulphuric  acid 
Lime 


Total 


10-57 


Silica 
Ash  . 


1-20 
31-80 


The  chlorine  and  sulphuric  acid  in  the  unbleached  ginger  aie  in  the 
combined  states  and  not  in  union  with  the  lime. 
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Partly  bleached  Ginger. 
Chlorine        .      .  7-50 
Sulphuric  acid      .  8-96 
Lime     .      .      •  13-49 


Total  .  29-95 

Silica  .  .  .  2-04 
Ash       .      .      .  40-3 


Bleached  Ginger, 
Chlorine         .       .  4-07 
Sulphuric  acid      .  11-20 
Lime  ....  12-82 


Total   .  28-09 

Silica  .  .  .  1-16 
Ash  .       .      .      .  43-80 


These  results  are  strictly  in  accordance  witli  what  would  naturally  be 
anticipated  from  a  knowledge  of  the  process  of  bleaching  followed.  The 
analysis  of  the  partly  bleached  ginger  shows  some  increase  in  the  amount 
of  sulphuric  acid,  and  a  very  large  augmentation  in  the  chlorine  and  lime ; 
that  of  the  bleached  shows  a  still  larger  amount  of  sulphuric  acid,  as  also 
would  be  anticipated  from  the  fact  of  its  having  been  subjected  to  the 
fumes  of  burning  sulphur.  The  silica  is  least  in  the  bleached  ginger,  as 
likewise  we  should  expect  would  be  the  case.  _ 

Subtracting  the  amounts  of  chlorine,  sulphuric  acid,  and  lime  found  in 
the  unbleached  from  those  of  the  bleached  gingers,  it  appears  that  the 
excess  of  those  substances  contained  in  the  latter  is  as  follows : — 


Partly  bleached. 

Chlorine        .      .  7'05 

Sulphuric  acid      .  1'59 

Lime      .      .      .  9-74 


Total  . 
Or  nearly  2  per  cent. 


18-38 


Bleached. 

Chlorine         .       .  3-62 

Sulphuric  acid       .  4-83 

Lime      .      .      .  9'07 

Total   .  17-52 


Presuming  the  chlorine  to  be  in  union  with  the  lime,  as  also  the  sul- 
phiiric  acid,  and  which,  indeed,  they  are  in  part,  they  represent  the  subjoined 
amounts  of  chloride  of  calcium  and  sulphate  of  lime,  leaving  a  large  surplus 
of  lime  not  combined  with  either  the  chlorine  or  the  sulphuric  acid: — 


Partly  bleached. 

Chloride  of  calcium  10-96 

Sulphate  of  hme    .  2-70 

Excess  of  lime       .  4 '72 


Bleached, 

Chloride  of  calcium  5-63 

Sulphate  of  hme    .  8-21 

Surplus  of  hme      .  3-68 


It  must  be  understood,  however,  that  the  chlorine  is  not  all  combined 
with  lime,  part  of  it  being  in  the  free  state;  the  same  remark  applies  to  the 
sulphuric  acid,  part  of  which  was  not  only  in  the  free  state,  but  existed 
in  the  form  of  sulphurous  acid,  especially  in  the  bleached  ginger,  although, 
in  the  analysis,  it  was  more  convenient  to  convert  it  into  sulphuric  acid. 
The  excess  of  lime,  not  combined  with  either  the  chlorine  or  sulphuric  acid, 
is  explained  mainly  by  the  fact  that  the  chloride  of  lime  used  contained 
much  caustic  lime  and  carbonate  of  lime,  and  was,  therefore,  not  chemically 
pure.  The  proportion  of  chlorine  in  the  chloride  of  lime  of  commerce 
varies  very  greatly. 

Calculating  the  quantities  of  sulphur,  chlorine,  sulphuric  acid,  and  lime 
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found  in  the  partially  and  wholly  bleached  gingers  for  1  cwt.,  we  arrive  at 
the  following  results : — 


Partly  bleached  ginger.— Per  cwt. 

ozs.  drs.  grs. 
Chlorine        .      12   5  3 
Sulphuric  acid        ^   ^  H 
Lime      .      .      17   3  36 


Equal  to 


32  7  26 
21b8.  7  26 


Bleached  ginger.— Per  cwt. 


Chlorine 
Sulphuric  acid 
Lime 


ozs.  drs.  grs. 
G   3  63 
8   5  13 
16    2  0 

31    3  6 


This  gives  rather  more  than  one-fourth  of  an  ounce  of  chlorine,  sulphuric 
acid  and  lime  to  the  pound  of  ginger.  ,     ,  ,     .      . ,  , 

The  original  amount  of  chloride  of  lime  and  sulphuric  acid  used  were 
for  the  cwt.  as  follows : — 

lbs.  ozs.  drs. 

Chloride  of  lime  t  J„f   ?  .^ti-,^ 

Sulphuric  acid  1  P"it 

To  these  quantities  must  be  added  the  sulphurous  acid  generated  by  the 

sulphur  burned.  ,  ,      .  ,     •       j-    ^  a 

It  follows  therefore,  that  not  nearly  the  whole  of  the  ingredients  used 
in  the  bleaching  are  taken  up  by  the  ginger  during  the  process. 

We  have  now  before  us  all  the  elements  necessary  to  enable  us  to  arrive 
at  a  clear  judgment  as  to  whether  the  ginger  is  or  is  not  rendered  unwhole- 
some by  the  process  pursued. 

From  the  calculations  given,  it  appears  that  the  entire  addition  of 
chlorine,  sulphuric  acid,  and  lime  resulting  from  the  bleaching  is  a  li  tie 
over  a  quarter  of  an  ounce  to  the  pound  of  ginger.  Now  th,s  amount, 
although  considerable,  when  we  consider  that  ginger  is  a  condimental  sub- 
stance and  that  it  is  mixed  with  articles  of  diet  only  m  very  small  quan  - 
ties  is  by  no  means  sufficient  to  render  the  ginger  unwholesome  or  injurious. 

Nevertheless,  except  in  appearance,  which  is  certainly  greatly  improved 
we  consider  that  the  unbleached  ginger  is  much  to  be  preferred,  a  conclu  on 
confirmed  by  the  fact  that  the  agents  used  extract  some  of  the  active 

^"if  arntivr'^onsideratiou  of  the  analyses  shows  that  a  chief  objec 
tion  to  the  process  of  bleaching  adopted_  consists,_  mainly,  iij  the  large 
quantity  of  sulphurous  acid  added  to  the  ginger,  derived  from_  the  biirmng 
orthe  iphur  In  the  course  of  time  this  becomes  converted  into  sulphuric 
acid  w3  Tn  place  of  bleaching,  tends  to  darken  the  ginger.  Now  were 
tH^pIrt  of  the^process  either  omitted  or  modified,  one  objection  Vould  be 

°^^Ttere  are  two  plans  which  might  be  followed  with  advantage. 

The  first  is  that  the  ginger,  after  exposure  to  the  fomes  of  sxilphur, 
shoSd  iJtell'  washed  in  pSre' water.  This  would  serve  to  remove  the 
greater  part  of  the  free  sulphurous  acid.  „,i„i,„rnf  the  hv- 

The  second  plan  consists  in  the  substitiition  for  the  s^^P/^^f/^^f^y 
posulphites  of  soda  or  lime.    This  should  be  placed  in  water,  the  ginger 
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added,  and  the  sulphurous  acid  liberated  by  the  addition  of  a  little  sulphuric 
acid.  Finally,  the  ginger  should  be  washed  in  -water  and  dried.  The  sul- 
phites are  valuable  and  powerful  bleaching  agents. 

THE  DETECTION  OF  ALTJM  IN  BREAD. 

It  appears  that  we  now  possess  an  easy  and  certain  method  for  the 
detection  of  alum  in  bread.  Professor  Hadow,  of  King's  College,  London, 
formerly  suggested  the  immersion  of  the  bread  in  a  decoction  of  logwood, 
when  the  presence  of  alum  he  affirmed  would  be  indicated  by  the  appearance 
of  a  blue  coloration.  But  this  process  has  long  since  been  declared  to  be 
quite  worthless,  and  had  been  generally  abandoned,  until  Mr.  Horsley,  of 
Cheltenham,  succeeded  in  improving  it  by  certain  modifications,  so  that  by 
it  we  are  now  able  to  detect  even  very  small  quantities  of  alum  in  a  very 
ready  manner.  The  preparatior>  of  the  necessary  solutions  is  as  follows : 
— An  alcoholic  solution  of  logwood  is  obtained  by  digesting  half  an  ounce 
of  logwood  in  1 0  ounces  of  methylated  spirit  for  eight  hours  and  filtering. 
A  saturated  aqueous  solution  of  ammonium  carbonate  is  also  prepared.  A 
teaspoonful  of  each  of  these  solutions  is  then  diluted  with  about  a  wine- 
glassful  of  water,  and  a  thick  slice  of  the  crumb  of  the  bread  suspected  to 
contain  alum  is  then  placed  in  the  dark  red  liquid.  The  bread  is  allowed 
to  soak  till  it  is  quite  soft,  which  will  be  the  case  in  about  five  minutes, 
and  is  then  placed  on  a  white  plate.  If  alum  be  present  in  large  quantity 
the  bread  wiU  have  assumed  a  dark  indigo-blue  colour,  whilst  with  smaller 
amounts  the  colour  will  be  more  or  less  blue,  but  with  very  small  quan- 
tities it  is  sometimes  difficult  to  say  whether  the  colour  is  red  or  blue. 

"We  have  tested  this  method  carefully,  examining  the  bread  both  chemi- 
cally and  by  means  of  Mr.  Horsley's  method,  and  we  have  found  that  the 
one  method  corroborates  the  other. 


THE  ADtTLTEEATION  OF  BEEB. 

During  the  last  few  years  German  and  especially  Bavarian  beer  has  been 
largely  adulterated  with  the  fiowers,  tubers,  and  seeds  of  Colchicum  auhmnnale, 
all  of  which  contain  the  highly  poisonous  and  bitter  alkaloid  Colchicin. 
Great  quantities  of  this  plant  are  gathered  in  meadows,  where  it  is  conspicu- 
ous in  autumn  by  its  purplish  blue  flowers,  and  in  spring  by  its  leaves  and 
seed  capsules.  As  fer  as  we  are  aware,  the  alkaloid  has  not  been  detected  in 
the  beer  itself,  but  of  the  employment  of  the  plant  no  doubt  whatever  exists. 
Beans  and  peas  are  also  largely  used  to  adulterate  Bavarian  beer,  and  so  to 
save  malt. 

"When  recently  a  large  brewery  at  Munich  was  consumed  by  fire,  and  the 
fire-brigade  officers  gained  entrance  into  the  brewing-rooms,  more  peas  and 
beans  were  found  than  malt,  and  the  brewer,  after  some  hesitation,  acknow- 
ledged that  he  had  employed  them  for  a  long  time  in  the  preparation  of  the 
wort. 

Unfortunately  the  German  sanitary  laws  are  as  yet  so  imperfect  as  to 
afford  but  little  protection  against  such  frauds. 
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G-ENERAL  SUMMARY  OF  ADULTERATION. 

Having  now  treated  very  fully  of  the  adulterations  practised  upon 
nearly  all  articles  of  consumption,  both  Food  and  Drinli,  we  are  in  a 
position  to  take  with  advantage  a  review  of  the  whole  subject,  and  to 
ti-eat  of  adulteration  in  its  more  general  and  important  aspects  and 
relations.  Thus — amongst  other  points— to  define  what  constitutes 
adulteration  ;  to  prove  its  prevalence ;  to  consider  the  excuses  lurged  m 
extenuation  and  the  real  causes  of  its  prevalence ;  who  are  the  parties 
guilty  of  adulteration ;  to  give  a  classification  of  the  substances  em- 
ployed ;  to  show  the  importance  of  the  question  in  its  commercial, 
sanitary,  and  moral  bearings ;  and,  lastly,  to  treat  of  the  means  which 
may  be  employed  for  the  discovery  and  prevention  of  adulteration. 

DEiTNTTION  OF  ADULTERATION. 

1.  The  sale  of  one  article  in  place  of  another  is  not  an  adidteration, 
but  a  substitution— as  of  chicory  for  cofiee,  of  foreign  animal  fat  for 

butter.  .  x-^     i  ^ 

2.  So,  likewise,  the  abstraction  of  any  portion  or  constituent  ot  an 
article,  as  of  the  fatty  matter  or  cream  from  mUk,  or  the  butter  from 

cocoa.  .  ,     .  i?  • 

3  The  presence  of  substances  m  articles  m  consequence  ol  im- 
pm-ities  contained  in  the  materials  with  which  they  were  prepared, 
as,  for  example,  of  arsenic  in  the  hydrochloric  acid  used  m  the  pre- 
paration of  imfermented  bread,  does  not  constitute  adulteration ;  they 
are  simply  impurities.  _ 

4.  The  accidental  presence  of  substances,  m  any  commodity,  as  ot 
earthy  matter  in  pepper  and  tea,  is  not  an  adulteration. 

5  The  presence  of  substances  derived  from  the  vessels  or  utensils 
in  which  the  articles  are  prepared  or  cooked,  as  of  copper  in  vinegar. 


pickles,  &c.,  of  lead,  arsenic,  antimony,  tin  and  other  metals  m  various 
articles  of  consumption.  These  can  hardly_  be  termed  accidental 
impm-ities,  since  they  are  the  known  and  inevitable  results  ol  the  use 

Excluding,' then,  from  the  class  of  adulterations  _  all  cases  of 
substitution,  abstraction,  of  impuiities  and  contammations,  whether 
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accidental  or  resulting  from  the  employment  of  certain  vessels  used 
for  preservation,  storing  or  cooking,  adulteration  may  be  thus  de- 
fined : — 

It  consists  in  the  intentioaal  addition  to  an  article  of  any  substance 
or  substances,  the  presence  of  which  is  not  acknoivleclged  in  the  name 
under  which  the  article  is  sold,  for  purposes  of  gain,  deception,  or 
concealment. 

It  is  not  easy  so  to  frame  a  definition  which  shall  apply  to  eveiy 
case  :  that  now  given  does,  however,  most  certainly  embrace  the  gTeat 
majority  of  adulterations  practised,  and  it  excludes  substitutions, 
abstractions,  impm-ities,  and  contaminations,  because  it  specifies  that 
the  addition  must  be  intentional. 

According  to  this  definition  the  sale  of  faced  green  tea,  the  pre- 
sence of  copper  in  bottled  and  tinned  fruits  or  vegetables,  of  coflee 
containing  chicory  for  and  as  coffee,  of  cocoa,  into  which  sugar  and 
starch  have  been  piu-posely  introduced,  and  of  mustard,  containing 
floiu:  and  tiurmeric,  as  cocoa  and  mustard,  constitute  so  many  adulte- 
rations. 

The  consumer  entering  a  shop  and  asldng  for  any  article  has  a 
right  to  expect  he  will  be  supplied  with  that  which  he  demands, 
and  for  which  he  pays  ;  and  he  ought  not  to  be  fiu-nished  with  a  mix- 
ture of  articles  not  acknowledged  in  the  name  under  which  the  mixture 
is  sold,  and  the  natiu-e  and  proportions  of  the  ingredients  enterino-  into 
which  are  almost  always  unlmown  to  him.  This  right  undeniably 
belongs  to  the  purchaser,  and  any  wilful  violation  of  it  constitutes 
adulteration. 

The  words  coflee,  cocoa,  and  mustard  convey  distinct  ideas  :  these 

names   have  been  bestowed  upon  certain  vegetable  productions  

coflee  upon  the  berries  of  the  coffee  plant,  cocoa  and  mustard  upon  the 
seeds  braised  and  reduced  to  powder  of  the  cocoa  and  mustard 
plants :  any  application,  therefore,  of  these  words  to  mlxtm-es  and 
compounds  is  obviously  improper,  and  in  many  cases  is  in  a  high  de- 
gree deceptive. 

The  plea  that  the  addition  of  chicory  to  coffee,  of  flom-  and  sugar 
to  cocoa,  of  turmeric  and  flour  to  mustard,  as  well  as  numerous  other 
additions,  constitute  improvements,  ought  not  to  avaU.  In  nineteen 
cases  out  of  twenty,  these  additions  are  no  improvements  at  all  •  and 
where  they  really  are  so,  the  mixtm-es  ought  to  be  acknowledged  in 
the  names  imder  which  such  mixed  articles  are  sold  ;  and  not  only 
ought  this  to  be  done,  but  the  proportions  of  the  several  ingTedients 
shoidd  in  strict  fairness  be  likevrise  stated. 

In  our  opinion,  therefore,  in  the  sale  of  mixed  articles,  the  law 
should  require— (1.)  That  the  mixed  article  shoidd  not  be  sold  under 
the  name  of  any  one  of  its  constituents ;  (2.)  That  the  name  given  it 
should  show  that  it  is  a  mixture  ;  and  (3.)  That  the  proportion  of  all 
the  principal  constituents  should  be  stated. 

Thus  it  should  not  be  lawful,  as  it  is  now,  to  sell  under  the  name 


832 


GENERAL  SUMMARY  OF  ABDLTERATION. 


of  mustard  a  compound  of  wheat  flour,  turmeric,  and  cayemie  pepper, 
with  in  some  cases  scarcely  any  mustard  at  all,  or  as  coffee  a  mixture 
consisting  almost  exclusively  of  chicory,  even  although  the  ad- 
mixtm-e  is  acknowledged  in  general  terms  affixing  a  label  to  the 
package,  with  a  statement  that  the  article  is  mixed.  Such  labels  are 
usually  printed  in  inconspicuous  characters,  and  are  placed  upon  some 
obscure  part  of  the  package,  so  that  they  frequently  escape  the  notice 
of  the  purchaser,  besides  which,  amongst  the  poor  there  are  large 
niunbers  of  people,  and  children  particularly,  who  are  unable  to  read 
at  aU. 

The  Sale  of  Food  and  Drugs  Act  fails  to  meet  in  this  particular 
the  requirements  of  justice,  for  although  it  stipulates  that  mixtures 
shoidd  be  sold  as  such,  it  makes  no  provision  as  to  the  names  under 
which  they  are  sold,  or  as  to  the  proportions  of  the  ingredients.  Thus, 
mixed  mustard,  coffee  and  cocoa  will  all  be  sold  under  the  name  of 
the  unmixed  and  pure  articles. 

But  any  measure  dealing  with  the  subject  of  adulteration  ought 
to  contain  provisions  to  meet  cases  of  substitution,  abstraction,  and 
those  impm-ities  of  food  due  to  carelessness  or  permitted  for  certain 
special  objects,  as,  for  example,  the  removal  of  copper  from  the  vessels 
for  the  purpose  of  greening  pickles  and  preserves.  The  recent  Sale  of 
Food  and  Drugs  Act  does  in  fact  take  notice  of  substitution  and 
abstraction,  but  it  especially  exempts  impm-ities  of  all  Mnds,  although 
theii-  presence  may  be  due  to  culpable  negligence,  or  even  to  inten- 
tional admixtm-e,  as  the  large  quantity  of  earthy  matter  frequently 
contained  in  pepper  and  tea,  and  in  this  respect,  as  in  so  many  others, 
the  Act  in  question  is  defective. 

By  including  cases  of  substitution  and  abstraction,  the  framers  of 
the  Act  referred  to  were  enabled  to  get  rid  of  the  word  adulteration 
altogether,  which  word,  strange  to  say,  is  not  once  mentioned  in  the 
Act,  although  of  course  nearly  the  whole  of  the  offences  under  it  are 
case's  of  adulteration.  This  com-se  was  not  at  all  necessary,  as  it 
would  have  been  very  easy  to  have  included  substitutions  and  ab- 
stractions imder  adulterations,  but  one  need  not  go  fai-  to  find  the 
-eason  for  the  abandonment  of  the  word  adulteration.  The  Sale  of 
Food  and  Drugs  Act  is  for  the  most  part  the  work  of  the  manufac- 
turers of  articles  of  food— to  them  the  word  in  question  is  an 
abomination,  and  so  it  was  cleverly  determined  to  burk  it  altogether. 
According  to  the  Act  referred  to  there  is  now  no  such  thing  as 
adulteration,.this  wholesome  and  meaning  word  being  therein  entirely 

abolished.  ,  ^       j.  •„ 

Another  defect  of  the  Act  aUuded  to  is  that  it  does  not  contain 
any  definitions  of  adulterations,  as  it  ought  to  have  done.  A  schedule 
should  have  been  given,  setting  forth  under  the  name  of  each  article 
what  constitutes  adidteration.  Such  a  document  it  would  have 
been  very  eas}-  to  have  prepared,  and  it  would  have  put  an  end  to  tlie 
doubts,  difficulties  and  contradictions  which  are  certain  to  arise  under 
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the  present  Act,  because  it  -would  define  plainly  what  was  prohibited 
in  the  case  of  every  article.  The  schedule  should  have  been  framed  in 
fact  in  the  manner  in  which  the  definitions  are  drawn  up  which  head 
the  different  chaptera  of  this  work. 

PKEVALEIfCE  OF  ADTTLTEEATIOIT. 

The  following  particidars  will  serve  to  convej'  some  idea  of  the 
gi'eat  prevalence  of  adulteration, 

Dm-iug  the  com-se  of  the  six  years  from  1850  to  1856  the  author 
■examined  over  3,000  samples  of  the  principal  articles  of  consumption, 
as  well  as  many  drugs,  and  the  one  great  result  of  this  extended 
experience  went  to  prove  that  during  those  years  there  were  few 
articles  of  consumption  the  adulteration  of  which  was  practicable,  and 
which,  at  the  same  time,  could  be  rendered  profitable,  which  were  not 
extensively  subjected  to  adulteration. 

Since  the  period  referred  to  he  has  analysed  some  thousands  of 
additional  samples  with  the  gi-atifying  result  that  adulteration  does  not 
now  prevail  to  anything  like  its  former  extent,  this  residt  being  due  to 
several  causes : — To  the  exposures  made  for  so  long  a  period  in  the 
'  Lancet ' ;  to  the  increased  facilities  for  detecting  adulteration  ;  to  the 
several  enquiries  into  the  subject  by  Parliamentary  Committees  ;  and 
to  the  Acts  which  have  been  passed  dealing  with  the  subject.  But 
:  although  not  nearly  so  prevalent  as  formerly,  it  yet  does  prevail  to  a 
large  extent,  and  we  believe  that  it  is  again  increasing,  and  that 
much  legalised  adulteration  will  take  place  under  thB  Sale  of  Food  and 
Drugs  Act,  a  measure  framed  in  the  interests  of  the  manufactm-ers 
of,  and  dealers  in,  food. 

The  evidence  of  the  former  prevalence  of  adulteration  does  not,  how- 
-ever,  rest  upon  the  testimony,  imdeniable  as  that  e-vidence  has  been 
;shown  to  be,  of  a  single  enquirer;  but  many  scientific  observers  of  un- 
•  doubted  capabilities,  and  in  every  respect  trustworthy,  have  testified  to 
the  same  effect;  as,  in  this  coimtry,  Accum,  Mitchell,  Normandy, 
'  Gray,  O'Shaughnessy,  Pereira,  Thomson,  Warington,  Taylor,  Calvert, 
'  ■Quekett,  Bastick,  Gay,  Phillips  of  the  Excise,  and  many  others ;  and 
:  abroad,  MM.  Garnier  and  liarel  and  M.  Ohevallier. 

_  The  numerous  witnesses  examined  before  the  Parliamentary  Oom- 
iraittee  on  Adulteration,  of  1855,  with  one  or  two  unimportant  excep- 
itions,  concurred  in  their  statements  respecting  the  general  prevalence 
(of  adulteration.  Indeed,  so  conclusive  was  the  evidence  deemed  that 
!the  Committee  admitted  that  they  had  been  constrained  to  acknowledoe 
'  that  the  statements  made  as  to  the  extensive  practice  of  adulteration 
.'.had  been  fully  confirmed  by  the  enquiry,  and  that  legislation  had  been 
[rendered  imperative. 

The  Committee  stated,  in  their  Eeport,  that  they  ^cannot  avoid  the 
tconclusion  that  adulteration  widely  prevails.'    '  Not  only  is  the  public 
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health  thus  exposed  to  danger,  and  pecuniary  fraud  committed  on 
the  whole  community,  hut  the  public  morality  is  tainted  and  the  high 
commercial  character  of  the  country  seriously  lowered  hoth  at  home 
and  in  the  eyes  of  foreign  countries.'        _  ^.i 

These  are  grave  statements  and  admissions,  made  on  the  very 

h.io"hest  authority.  .  „  i    •  j.i 

°0f  course  no  evidence  can  he  more  satisfactory  or  conclusive  than 
that  of  witnesses  who  speak  to  what  they  themselves  have  ascertamed 
in  the  course  of  their  investigations;  there  is,  however  evidence  o 
the  existence  of  adulteration  of  another  land,  and  that  is  the  occasional 
sunnlv  of  articles  of  consumption  to  workhouses  and  other  public 
estahlishmeuts  under  market  price.  We  have  become  acquainted  with 
more  than  one  instance  of  this  kind,  especially  in  the  articles  arrowroot 
and  oatmeal ;  the  difference  in  price  heing  ascertained  to  have  been 
■made  un  hv  adulteration.  ,     -r»  x 

Dr,  Normandy  concluded  his  evidence  before  the  Parliamentaiy 
Oommittee  referred  to  with  this  remark : —         .      ,  .         i,  i 

'  Adulteration  is  a  wide-spread  evil,  which  has  invaded  every  branch 
of  commerce;  everything  which  can  be  mixed  or  adulterated  or 
debased  in  any  way,  is  debased.'   To  the  general  accm-acy  of  this 

nti^rihrext^rS  that  admte. 

"^^airsSttave  been  assigned  to  account  for  this  prev.^ence : 
the  maiority  of  these  have  been  suggested  by  parties  more  or  less 
inteiSd  in  adulteration,  either  directly  or  indirectly  ;  the  principa 
of  them  we  shall  proceed  to  notice,  and  &st  those  reasons,  or  rathei 
excuses,  which  have  been  urged  in  defence  of  adulteration. 

EXCUSES  TJRSED  IN  BXTENITATION  OF  ADTJLTEKATIOK. 

One  reason  assigned  in  defence  of  many  adulterations  is  that  they 
ire  nmctisedln^^^  to  the  wishes  and  tastes  of  the  public  _ 

CtheV,  Sat  the  additions  made  to  several  articles  constitute  im- 

provenients^  the  first  of  these  pleas  that  the  practice  of  colouring 
red  saices  potted  meats,  and  fish  with  bole  arnieman ;  cheese  with 
iauTpiSes,  bottled  Iruits,  and  -getables  with  copper  ;  and  s.gar 
confectionery  with  various  pigments  consisting  of  salts  ot  aisemc, 

m-efei  Jh^  more  hio-hly  colom-ed  article,  yet  they  do  so  as  a  mei;e  ques- 

f  a;pr:nce:  an^d  in  total  ignorance  of  ^^^^-^l^j;^^ 
colours  are  obtained ;  these  means  explained,  and  the  public  maue 
awa  e  of  the  fact  that  they  are  produced       ^^^'^f  "^if^X 
poisonous  substances  known,  it  is  not  correct  to  say  that  they  wouia 
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knowingly  sanction  the  use  of  tliese  poisons,  and  would  prefer,  merely 
for  tlie  sake  of  colour,  articles  which  were  known  to  contain  injiuious 
substances  to  those  which  are  pure  and  wholesome. 

It  is  on  the  second  of  these  pleas,  viz.,  that  the  additions  made  to 
several  articles  constitute  so  many  improvements,  that  the  addition  of 
chicoiy  to  coftee  is  defended  ;  wheat-tiom-  and  tmmeric  to  mustard ; 
sugar  and  starch  to  cocoa  ;  sulphm'ic  acid  to  vinegar.  We  have  abeady 
treated  of  the  addition  of  chicory  to  coffee,  and  of  sugar  and  starch 
to  cocoa;  and  have  shown  that  it  is  very  questionable  whether 
chicory  is  an  improvement  to  coffee,  and  whether  it  is  not  positively 
hurtful ;  if  it  be  an  improvement,  still  it  is  'proper  that  each  of  the 
articles  called  chicory  and  coffee  should  be  sold  by  itself,  and  used  or 
not  by  the  public  as  it  might  wish.  In  the  case  of  cocoa  it  has  been 
proved  that  the  sugar  and  starch  are  employed  in  many  cases  to  such 
an  extent  that  the  compound  of  starch,  sugar,  and  cocoa  scarcely 
retains  the  flavour  or  smell  of  the  latter  substance,  while  its  colour  is 
so  altered  and  reduced,  that  it  becomes  necessary  to  have  recoiu'se  to 
colom-ed  earths  to  bring  it  up  to  its  proper  standard. 

The  manufactm-er  tells  us  that  mustard  by  itself  is  so  disagi'eeable 
that  we  could  not  eat  it,  and  hence  the  use  of  wheat-floiu-  and  tittmeric. 
But  the  answer  to  this  statement  is  that,  in  some  of  the  so-called 
mustards,  the  tiu-meric  and  wheat-flour  are  so  out  of  proportion  that 
the  compoimd  scarcely  retains  the  flavom:  of  mustard.  Again,  that 
geniune  mustard  cannot  be  so  impalatable  a  thing  is  proved  by  the  fact 
that  there  are  now  some  manufactm-ers  who  profess  to  sell  nothing  but 
the  genuine  article. 

Another  plea  m-ged  in  extenuation  of  certain  additions  is,  that  they 
are  necessary  in  order  to  make  the  articles  keep.  It  was  on  this  gi-oimd 
that  the  legislatm-e  was  brought  to  sanction  the  addition  of  sulphuric 
acid  to  vinegar ;  but  that  it  has  no  real  foundation  in  this  case  is  shown 
by  the  fact  that  there  are  now  manufactm-ers  conducting  extensive 
establishments  who  do  not  add  even  the  smallest  proportion  of  sul- 
phuric acid  to  their  vinegar. 

When,  therefore,  the  manufacturer  or  seller  defends  any  particidar 
admixture  or  adixlteration,  on  any  of  the  pleas  referred  to,  namely, 
that  it  is  practised  to  suit  the  public  taste,  that  it  is  an  improvement, 
or  that  it  is  necessary  in  order  to  make  the  article  keep,  we  would 
advise  our  readers  to  look  well  into  the  matter  for  themselves.  They 
will  be  almost  sm-e  to  find  something  wi-ong,  some  fallacy  at  the  bottom 
of  these  statements.  They  will  too  often  find  that  this  pretended 
regard  for  the  wishes  and  tastes  of  the  public  resolves  itself  into  a 
question  of  gain  to  the  manufactm-er  or  trader. 

Another  plea  sometimes  urged  in  extenuation  of  adulteration,  and 
perhaps  there  is  something  in  it,  but  not  much,  is  that  it  is  impossible 
to  supply  genuine  articles  at  the  prices  the  public  are  willing  to  pay  for 
them. 

3  H  2 
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No  doulDt  the  public  like  to  otein  wliat  tliey  require  at  as  cheap  a 
rate  as  possible,-but  it  is  for  the  trader  to  hx  the  pnees  at  whid^^^^^ 
can  afford  to  seU  his  -cods,  and  not  he  puhlic  -  further,  if  it  were  ex- 
plained to  the  public  hy  dealer  that  he  could  not  answer  for  the 
aStv  or  purity  of  the  very  cheap  articles  sold,  there  are,  ^^ebelieye 
rffew  pS  who  woull  beso'siUyas  to  pi^  er  the  adulterated 
to  the  genuine  article,  although  the  former  might  be  apparently  the 

""^^wl's^Y  apparently/  cheaper,hBomse  in  many  cases  these  so-called 
cheap  aiSles^are  redly  the  dearest  in  the  end,  for,  owing  to  the 
Steit  to  which  they  ai4  adulterated,  they  do  not  go  nearly  so  far  as 
Snuine  alleles  would  do.  The  public  then,  we  consider  is  but  little 
?t  fS  It  merely  requires  to  be  made  acquainted  with  the  true  and 
fctual  state  oT  thi^lgs,\nd  there  is  no  doubt  but  that  m  ninety-nine 
out  of  every  hundred  cases  it  would  prefer  the  genuine  to  the  adid- 
telted  commodity,  even  although  for  this  a  somewhat  higher  piice 

^"^A  furthefexcuse  sometimes  urged  in  defence  of  certain  adultera- 
^-  7  rr+W  fhPv  do  no  harm.  By  this  plea  we  suppose  is  meant 
Ct  tCa  e  Ji  rtM  to  the  health,  bift  only  to.the  pocket.  On 
this  Sd  the  adulteration  of  milk  with  water  is  sometimes  de- 
Sp^rl    Now  we  are  of  opinion  that  there  are  few  more  scandalous 

and        f  .-  ^         of  nourishment,  and  m  proportion  as 

;lrradd?d^ot?tt£  who  partake  of  the  dUuted  compound 

to  the  wants  and  wen  oeiUo  '      q         ^j^g^  hand,  is 

used  for  the  protection  of       P™J\'^^^^^^^^       science  to  employ 

fheh'otrcVnSi  m^^^^  ""'^ 
tlius  demean  themselves.  ^  exaggeration, 

£  tK^^^^^      .He,  we.e  no.. 
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as  they  really  are,  parts  of  a  system,  but  as  if  they  were  the  worst 
instances  of  adulteration,  and  as  though  the  entu-e  case  rested  upon 

^^Tnother  favourite  plea  used  in  extenuation  of  adulteration  is 
that  the  quantities  in  which  some  of  the  substances  are  employed, 
as  those  used  for  the  sake  of  colom-,  are  too  inconsiderable  to  be  pro- 
ductive of  hm-tful  results.  .  ,    .      ^  •  4.-u„ 

This  is  so  sometimes,  but  it  certainly  is  not  the  case  m  the  ma- 
iority  of  instances.  In  many  cases  injurious  consequences  have  been 
actually  proved  to  ensue;  thus  many  persons  have  been  poisoned 
outri-ht,  and  have  lost  their  lives,  from  the  use  of  colom-ed  sugar 
confectionery,  others  have  been  rendered  seriously  1 1.  _  Oases  ol 
lead  paralysis  have  been  produced  by  the  lead  piu-posely  introduced 
into  snuff,  and  the  same,  it  has  been  asserted,  has  occurred  Irom  the 
use  of  cayenne  coloured  or  adulterated  with  red  lead.  Again, 
iUness  of  a  serious,  and  even  fatal,  character  has  been  produced^  by 
the  use  of  poisonous  adulterants  not  pigments,  as  from  lead  in  wine, 
cocculus  indicus  in  beer  and  spirits.  Indeed,  instances  might  be  mul- 
tiplied to  a  large  extent  of  disease  originating  in  the  use  of  substances 
employed  for  adulteration.  Who  can  tell  how  many  invalids  and  tender 
children  have  fallen  victims  to  the  dangerous  adulterations  practised 
upon  food,  diinlis,  and  drugs,  if  the  true  causes  of  prematm-e  death 
could  be  traced  out  in  aU  such  cases?  That  dyspeptic  ailments- 
often  owe  their  origin  to  the  aduLteration  of  articles  of  food  is  un- 
questionable. .  1  ■  ,  1 

Besides,  if  the  employment  of  poisonous  pigments  and  other 
substances  is  to  be  permitted  at  all,  what  guarantee  or  security  have 
weao-ainst  accidents  residting  from  the  careless  and  ignorant  use  of 
such  poisonous  or  injiu-ious  articles  ?  The  only  right  and  safe  principle 
upon  which  to  act  we  maintain  is  to  discard  the  use  of  all  additions 
to  articles  of  consumption  that  are  unnecessary,  or  which  may  pos- 
sibly become  a  source  of  danger.  Again,  it  must  be  remembered 
that  the  ill  effects  of  adulteration  cannot  be  estimated  by  the  quantity 
of  any  particular  ingredient  contained  in  any  one  article.  So  prevalent 
is  adulteration,  that  in  the  coiu'se  of  a  single  day  it  often  happens 
that  several  injiuious  ingredients  are  partaken  of,  and  in  order  to 
aiTive  at  any  con-ect  conclusion  we  must  therefore  take  the  sum  of 
the  whole  of  these  ingredients. 

Lastly,  in  endeavoming  to  estimate  the  effects  of  adulteration  on 
health,  the  fact  must  be  borne  in  mind  that  some  of  the  metallic 
poisons  used  are  what  are  called  cumulative. 

We  have  been  induced  to  enter  into  an  examination  of  the  various 
pleas  on  which  the  practice  of  adulteration  is  sometimes  defended,  in- 
order  that  when  the  readers  of  this  work  hear  them  urged,  as  some 
of  them  doubtless  will,  they  may  know  what  they  are  really  worth, 
and  how  they  may  be  refuted. 

Having  noticed  the  various  pleas  on  which  adulteration  is  de- 
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fended,  we  have  still  to  consider  to  what  cause  or  causes  its  prevalence 
is  due, 

EEAL  CATTSES  OF  THE  PKEVALENCE  OP  ADULTEEATIOIT. 

The  gi-eat  cause  which  accounts  for  the  larger  part  of  the  adul- 
teration which  prevails  is  the  desire  of  increased  profit ;  a  second 
cause  is  excessive  and  unfair  competition.  A  trader,  perceiving  that 
his  ueighbom-  in  the  same  husiuess  is  selling  his  goods  at  prices  at 
which,  if  genuine,  it  would  he  impossible  to  realise  a  profit,  knows  that 
this  can  only  be  done  by  having  recourse  to  adulteration,  and  finding 
that  he  cannot  compete  with  his  unscrupulous  fellow-trader,  at  length 
he  himself  too  often  has  recom-se  to  the  same  practice.  We  thus  per- 
ceive how  difiicult  it  is  for  manj^  tradesmen  who  desire  to  do  so  to 
conduct  their  business  in  an  honom-able  way,  and  to  resist  the  tempt- 
ation to  adulterate.  The  main  causes  of  the  prevalence  of  adultera- 
tion are,  then,  the  desire  of  increased  profit  and  excessive  and  unfair 
competition. 

WHO  AEE  THE  PAETIES  GUILTY  OF  ADTTLTEEATION  ? 

The  next  question  for  consideration  is :  Who  are  the  parties  guilty 
of  adulteration  ? 

The  answer  is,  in  some  cases,  the  manufacturers,  and  in  others  the 
retail  dealers.  This  distinction  is  of  the  utmost  importance,  especially 
with  reference  to  the  means  to  be  adopted  for  the  discovery  and  sup- 
pression of  adidteration. 

Some  of  the  adulterations  practised  require  to  be  so  on  the  large 
scale,  and  involve  the  use  of  extensive  machinery,  which  the  trades- 
man does  not  possess ;  and  in  consequence  certain  adulterations,  as  of 
flour,  of  chicory,  of  cocoa,  of  spices,  and  of  many  drugs,  are  practised 
by  the  grinders  and  roasters  of  those  articles ;  there  is  a  class  of  persons 
linown  as  spice  and  drug  grinders,  with  whom  lies  much  of  the  fault 
of  the  adulteration  of  spices  and  drugs. 

In  the  drug  trade  the  practice  at  one  time  was  very  general,  and  it 
still  prevails  to  some  extent,  of  adding  sawdust  of  difierent  kinds,  as 
well  as  other  articles,  in  order,  it  was  m-ged  m  excuse,  to  make  up  for 
the  varying  and  average  loss  sustained  by  different  drugs  in  the  course 
of  diying  and  grinding  to  a  uniform  loss  of  4  per  cent.  This  is  called 
the  4  per  cent,  system ;  however,  the  practice  does  not  stop  here,  but 
leads  to  every  species  and  degree  of  abuse. 

The  adulterations  of  mustard,  vinegar,  aunatto,  snuff,  coloured 
sugar  confectionery,  and  some  other  articles,  are  also  usually  practised 
by  the  manufacturers.  , 

There  are  good  reasons  why,  in  many  cases,  the  manufactm-er  should 
be  the  adulterator.  Not  only  has  he  the  necessary  machinery  and  other 
means  of  performing  the  requisite  operations  on  a  large  scale,  but  the 
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responsibility  of  adulteration  is  tlius  taken  off  tlie  slioulclers  of  the  tens 
of  tliousands  of  traders  by  wliom  the  public  as  immediately  ^supplied, 
and  is  confined  in  some  degree  to  the  comparatiyely  small  body  of 
manufactm-ers,  whose  proceedings  are  conducted  m  retirement  and 
secrecy,  and  whose  premises  are  not  accessible  to  the  public.  _ 

The  retail  trader,  however,  takes  in  many  cases  his  share  m  the 
work  of  adidteration;  as  one  example,  we  may  mention  that  much  of 
the  adulteration  of  beer  and  spirits  is  perpeti-ated  by  the  publican. 
Even  in  those  cases  in  which  the  retailer  does  not  himself  adulterate, 
he  often  piu-chases  of  adulterating  merchants  with  guilty  knowledge ; 
thus,  in  many  cases,  he  is  aware  of  the  fact  that  the  article  he  pur- 
chases is  adulterated  from  the  price  paid  for  it  being  less  than  that  at 
which  the  o-enuine  article  can  be  procm-ed.  In  such  cases  the  trades- 
man is  a  party  to  the  fraud,  and  is  as  guilty  as  the  actual  perpetrator  oi 
the  adulteration. 

It  should  be  known  that  even  the  purchasing  of  articles  ot  con- 
sumption in  the  raw  state  by  the  trader  affords  uo  certain  guarantee 
for  the  genuineness  of  those  articles,  provided  they  are  afterwards 
sent  to  the  grinder  or  manufacturer  to  be  ground  or  manufatured. 
We  have  known  tradesmen  who,  wishing  to  protect  themselves  as 
far  as  possible  agamst  adulteration,  have  purchased  the  best  cocoa 
beans  and  chicory  nibs,  and  have  then  sent  them  to  the  grinder  to 
be  prepared,  but,  upon  being  retm-ned  to  them,  they  were  found  to 
be  adulterated.  Messrs.  Kidgway  &  Co.,  of  King  WiUiam  Street, 
foi-warded  to  the  author,  some  years  since,  some  flalte  cocoa  for  ex- 
amination:  this  was  found  to  be  adulterated  with  wheat-flour. 
Messrs.  Ridgway  then  stated  that  they  had  purchased  the  best  cocoa 
beans  they  could  procm-e,  and  sent  them  to  the  manufacturer  to  be 
made  into  Jlake  cocoa,  which  should  consist  of  nothing  but  cocoa. 
The  manufactm-er,  in  this  case,  had  subtracted  some  of  the  cocoa, 
and  had  replaced  it  with  wheat-flour.  Since  this  occm-red  Messrs. 
Eidgway  have  had  a  mill  erected  on  their  premises,  so  as  to  be 
enabled  to  make  theu*  own  flake  cocoa. 

Now  it  must  not  be  infen-ed  from  these  remarks  that  there  are 
not  manv  honest  manufactiu-ers  and  traders  connected  with  the  manu- 
facture and  sale  of  articles  of  consumption.'  We  know  that  there  are 
many  such,  and  on  behalf  of  some  of  those  who  either  are  really 
guilty  of,  or  who  lend  themselves  to  adulteration,  the  excuses  may  be 
ui-ged  that  until  very  recently  the  legislature  has  been  indifferent 
to'^this  subject,  and  did  not  protect  the  honest  trader,  and  that  in 
self-defence,  and  for  very  livelihood's  sake,  he  is  often  driven  to 
adulterate. 
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Not  only  is  adulteration  prevalent,  but  the  articles  employed  are 
very  wwrneroMS— different  kinds  of  substances  being  used  for  different 
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purposes.  The  majority  of  sutstances  used  are  so  for  one  of  three 
purposes :  either  for  the  sake  of  bulk  or  weiyJd,  the  articles  used  of 
course  being  cheaper  than  those  to  which  they  are  added ;  for  the  sake 
of  colour,  that  is,  to  heighten  and  improve  the  appearance  of  articles  as 
it  is  considered,  often  erroneously,  the  natural  colour'  of  such  articles 
heing  frequently  altered  and  reduced  hy  dilution  with  other  adidter- 
ating  substances  added  for  bidk  and  weight  •,  or,  lastly,  to  increase 
the  pungency  of  articles  and  to  heighten  their  jjroijerties  a,nd  Jlavour. 

The  first  kind  of  adulteration  is  the  more  usual  form,  and  is  that 
by  which  the  practice  is  rendered  so  profitable ;  the  second,  that  which 
consists  in  the  addition  of  colouring  matters  of  various  Iduds,  is  often 
necessitated  by  the  first  kind,  so  that  these  two  descriptions  of  adul- 
teration frequently  go  together. 

An  example  of  the  first  kind  of  adiilteration  is  fuimished  by  the 
addition  of  roasted  corn  to  chicory  or  cofiee  powders,  and  of  water  to 
milk. 

Of  the  second,  in  the  addition  of  red  lead  to  cayenne,  Venetian  red, 
umber,  &c.,  to  chicory  and  cocoa ;  while  an  example  of  the  third  form 
of  adulteration  is  met  with  in  the  addition  of  alkalies,  as  also  the 
chromates  of  potash,  hellebore,  and  powdered  glass  to  suufi". 

Now  it  is  in  the  second  class,  viz.,  that  which  consists  in  the  em- 
ployment of  colom-ing  matters  of  various  kinds,  that  the  majority  of 
those  adulterations  are  included  which  are  prejudicial  to  health ;  this 
will  be  seen  more  clearly  hereafter. 

So  numerous  and  A-arious  are  the  substances  employed  for  adulter- 
ation that  a  classification  of  them  according  to  the  article  in  which 
they  are  encountered,  and  the  pm-pose  to  which  they  are  applied,  be- 
comes useful.    Such  a  classification  is  given  in  the  following  tables. 

The  annexed  table  contains  only  the  names  of  those  substances 
which  we  have  ourselves  ascertained,  by  original  observations  and 
analyses,  to  be  actually  employed  for  the  adidteration  of  articles  of 
food ;  it  does  not  include  drugs. 
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Classified  List  of  the  various  Substances  ascertained  hp  Ourselves  in  he  Emjjhyed 
for' the  different  Purposes  of  Adulteration:  viz.  for  Hulk  and  Weight,  for 
Colour,  or  for  Smell,  Taste,  and  other  Properties. 


For  Bulk  and  AVciglit. 

For  Colour. 

For  Taste,  Smell, 
and  otlier 
Properties. 

itjC)  w  neiiij,  iiiiu  jjuiii^j' 
FIoiu-s,  Turmeric,  Car- 

DOUHilI;  illlCL  OllJ[JLlULt-  UL 

Lime,  Bed  feiTUgiiions 
■    Earths,  Red  Lead,  Salt. 

Turmeric,  Red  f citu- 
pinous  Earths,  Salt, 
Alkali. 

Sulphate  of  Cop- 
per. 

Sago,  Potato,  and  XapiocSi 
Starches,  and  -various 
mixtures  and  combina- 

UlUlia         ulICoU  VVluiL  Ullc 

inferior  Arrowroots. 

AscnoviEs 

Dutch,  French,  and  Sici- 

Bole  Aniienian,Yene- 
tian  Red. 

BnAXDY  . 

"Water. 

Burnt  Sugar. 

Bread  . 

Mashed  Potatoes,  Bice, 
Beans,  Rye,  Indian 
Corn. 

Alum,  Hards  and 
StufE. 

BCTTER  , 

Water,  Foreign  Fat,  Curd, 
and  excess  of  Salt. 

Bottled 
Fruits  asd 
Vegetables 

Salts  of  Copper,  usu- 
ally the  Acetate  or 
Sulphate. 

Salt. 

Cheese  . 
colotjked 

CONPEOnOX- 
ERT. 

East  India  ArroTvroot, 
Wheat  and  Potato 
Floirr,  Hydrated  Sul- 
phate of  Lime. 

A  nnatto,  Bole  Arme- 
nian, Venetian  Red. 

Cochineal,  Lake,  In- 
digo, Prussian  Blue, 
Antwerp  Blue,  Ar- 
tificial TJltrama- 
rine.  Carbonate  of 
Copper  or  Verditer, 
Carbonate  of  Lead, 
or  White  Lead,  Red 
Lead,  Vermilion ; 
Chromates  of  Lead, 
Lemon,  Orange  and 
deep ;  Gamboge ; 
Sap  Green ;  the 
three  Brunswick 
Greens,  Emerald 
Green  or  Arsenite 
of  Copper,  Indian 
Red  ;  brown  fer- 
ruginous Earths, 
chiefly  Umber, 
Sienna,  and  Van- 
dyke iSrown,  and 
various  combina- 
tions of  the  aboTO 
pigments. 

Sage,  Parsley. 

Ai-tificial  Essen- 
ces, as  Acetate 
of  Ethyl,  Buty- 
rate  of  Amyl, 
Acetate  of 
Amyl,  Valeri- 
anate of  Amyl. 
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Cinnamon 


COITEE 


Ciucohy  . 


Cocoa  and 
Chocolate. 


For  Bulk  and  ^yeight. 


Cayenne  Pep- 
per. 


CnSTAim  AND 

Eg&  Pow- 
ders. 

CnratY  Pow- 
der. 


Flour 


Ginger 


Gin 


Honey  . 
isinqlass 


For  Colour. 


Cassia,  and  most  of  the 
articles  mentioned  un- 
der Spices. 

Chicory,  Boasted  'Wheat, 
Eye  and  Potato  Flom-s, 
Boasted  Beans,  Mangel- 
wurzel,  Acorns. 

Boasted  Wheat  and  Bye 
Flours,  Burnt  Beans  and 
Acorns,  Sawdust,  Ma- 
hogany Sawdust,  Car- 
rots, Mangel-wurzel. 

Maranta,  East  India,  and 
Tacoa  or  Tahiti  Arrow- 
roots ;  Tous  les  Mois  ; 
the  Floiu-s  of  Wheat, 
Indian-Corn,  Sago,  Po- 
tato, and  Tapioca,  and 
various  Mixtures  of 
these ;  Sugar,  Chicory, 
Cocoa  Husks. 

Ground  Bice,  Mustard 
Husk,  Salt. 


Wlieat,  Potato,  and  Bice 
Flours. 


Ground  Bice,  Potato- 
faruia,  Salt. 

Bice,  Beans,  Bye,  Indian 
Corn,  Potato  Flour. 

Wheat,  Sago,  and  Potato 
Flours,  Ground  Bice, 
Mustard  Husks. 


Burnt  Sugar  or  Black 
Jack,Venetian  Bod. 


Ferruginous  Earths, 
as  Venetian  Bed 
and  Umber,  Burnt 
Sugar  or  Black 
Jack. 

Venetian  Bed,  Bed 
Ochre,  and  other 
ferruguious  Earths. 


Water,  Sugai-. 


Cane  Sugar. 
Gelatme. 


For  Taste,  Smell, 
and  other 
Properties. 


Bed  Lead,  VermiUon 
or  BisulphUret  of 
Mercury,  Venetian 
Bed,  Turmeric. 

Clirohie  Yellow  or 
Chromate  o£  Lead, 
Turmeric. 

Bed  Lead. 


Turmeric  Powder. 


Salt. 
Alum. 

Cayenne  Pepper. 


Cayenne,  Cassia 
or  Cinnamon, 
Sugar,  and  fla- 
vouring of  dif- 
ferent kinds. 
For  fining, 
Alum,  Salt  of 
Tartar. 
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List  of  Substances  (continued). 


For  Bulk  and  Weight. 

T7r»T*  rinlnnr. 

For  Taste,  Smell, 
and  other 
Properties. 

Laud 

Potato  Flour  Water. 

Alum. 

Salt,  Carbonate 

OT  f3UU(L,  V^tlUb- 

tic  Lime. 

Lemon  and 
Lime  Juices 

Water. 

Sulphuric  Acid. 

Liquorice  . 

lTTl«^rti-        TMrtlll*  'Prtl'ot^^ 

Wiieab  r  lonr,  x  uliilu 
Starch,  boiled  Starch, 
probably  Rice,  Challi, 
and  Gelatine. 

3IA1-T  Beve- 
KAGES. 

Water,  Sngar,  Treacle. 

Bm-nt  Sugar,  Liquo- 
rice. 

Alum,  Sulphate 
of  Iron,  Salt. 

MnSTAUD 

Wlieat  Flonr,  Turmeric, 
Cayenne  Pepper. 

Turmeric. 

Milk 

Water. 

Annatto. 

llABlLiLADE  . 

Pulp  of  Apple  or  Turnip. 

Oatmeal. 

Barley  Flour,  and  the  in- 
teguments of  Barley 
caUed  Rubble. 

porteu  and 
Stout. 

Water. 

Sugar,  Treacle. 

Sugar,  Treacle, 
Salt. 

Pickles  . 

Salts  of  Copper,  usu- 
ally the  Acetate  of 
Copper. 

Potted  Meats 
AND  Fish. 

Flour,  probably  Wheat 
Flour,  boiled. 

Bole  Armenian,  and 
sometimes  Vene- 
tian Red. 

PUESEnVES 

Inferior  and  cheaper  Fruit, 
Apple,  &c. 

Salts  of  Copper,  in- 
cluding  the  Ace- 
tate, Fuchsine. 

Pepper  . 

Wheat  and  Pea  Flom-, 
Ground  Rice,  Ground 
Mustard  Seeds,  Linseed 
Meal,  P.  D.,  or  Pepper- 
Dust,  ■  Sand,  ■  AVoody 
Fibre. 

Sago     •  • 

ITU  liclLU  x'iuur* 

TntiTED  Vege- 
tables. 

Sulphate  of  Copper. 

B.UM 

Water, 

Cayenne,  Burnt 
Sugar. 

SUGAll  . 

Wheat  Flour,  Potato  Flour, 
and  Tapioca  Starch. 
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Spices  : 

CLOV35S 


PljnSNTO 


Mixed  Spice 


Sauceh,  as  the 
Essences  of 
Anchovies, 
Lobsters, 
and  Shrimps, 
and  Tomato 
Sauce. 

Tea. 


Vinegar 


Wine 


For  Bulk  and  Weight. 


Powdered  Clove-stalks  in 
one  case. 

Cassia,Wheat  Flour,  Sago 
Meal,  and  mixtures  of 
these  ;  East  India 
Arrowroot,  Potato 
Flour. 

Mustard  Husk  in  one  in- 
stance. 

Wheat,  Sago,  and  Potato 
Flours,  Ground  Edce, 
two  Vegetable  Sub- 
stances, one  of  which 
resembled  Linseed. 


Exhausted  Tea  Leaves; 
Leaves,  other  than 
those  of  Tea,  British 
and  Foreign,  amongst 
the  former  those  of  Sy- 
camore, Horse-Ghest- 
nut,  and  Plum ;  Lie 
Tea,  Paddy  Husk,  Sand, 
Quartz,Magnetic  Oxide 
of  Iron,  Starch. 

Water. 


Extraneous  Spirit,  Water. 


For  Colour. 


Red  ferruginous 
Earths,  as  Bole  Ar- 
menian and  Vene- 
tian Red. 


Plumbago  or  Black 
Lead,  Gum,  Indigo, 
Prussian  Blue,  Tur- 
meric, Chinese  Yel- 
low, China  Clay, 
Soap-stone  or 
French  Chalk,  Mica 
and  Sulphate  of 
Lime. 


For  Taste,  Smell, 
and  other 
Properties. 


Burnt  Sugar. 


Sulphate  of  Iron, 
Catechu,  Gum, 
La  Veno  Beno, 
Cliinese  Botan- 
ical Powder. 


Sulphuric  and  Py- 
roligneous  Acid, 


Cane  Sugar,  Sul- 
phate of  Po- 
tash. 


Of  the  two  following  tables  the  one  is  of  articles  ascertained 
to  he  used  hy  others ;  the  second,  of  articles  stated  to  he  employed 
by  different  writers,  hut  of  the  use  of  which  no  positive  proof  is  given, 
although  there  is  no  douht  but  that  most  of  them  either  have  been  or 
are  occasionally  employed. 
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List  of  Articles  ascertained  hy  Others  to  he  used  for  the  Purpose  of 
Adulteration. 


For  Bulk  and  Weight. 

For  Colour. 

For  Taste,  Smell, 
and  other 
Properties. 

Bottled 
Fruits  axd 
Vegktables 

uecoccioi  lui  A-.ug  \%  uun. 
Beetroot,  and  Ani- 
line Coloiu-ing. 

Bread  , 

Sulphate  of  Copper. 

Cheese  . 

Potatoes,  Beans. 

Mangold  Flowers, 
Saift-ou,  Red  Car- 
rots. 

Sage,  Parsley. 

CmcoRT . 

Coffee  Flights. 

Hambro'  Powder. 

PLOun  . 

Mineral  "Wliite  or  Hy- 
drated     Sulpliate  of 
Lime. 

Gin.  . 

•  •         •  • 

Grains  of  Para- 
dise,-Sulphuric 
Acid,  various 
Gin  Flavoiu-- 
ings,'  contain- 
ing Coriander 
Seeds,  Angelica 
Boot,  Oil  of 
Ahnonds,  Cala- 
mus Boot,  Al- 
mond Cake,  Or- 
ris Root,  Car- 
damom Seeds, 
Orange  Peel, 
Grey  and 
AVhite  Salts. 

IiARD 

Mutton  Suet. 

Alum,  Potash. 

Malt  Bete- 

BAGES. 

.. 

• .         .  * 

Cocculus Indicus 
Picric  Acid, 
Colchicum, 
Tobacco. 

Milk  and 
Cream. 

Flour  or  Starch,  Boiled 
AVhite  Carrots,  Treacle, 
Gum  and  Dextrin. 

Mustard 

Ginger,  Charlock,  Potato 
Flonr,  Rice,  Clay,  Plas- 
ter of  Paris. 

Oatmeal 

Rice  and  Maize. 
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List  of  flubstances  (^continued). 


For  Bulk  and  Weight. 

For  Colotu'. 

For  Taste,  Smell, 
and  other 
Properties. 

pohteh  and 
Ale. 

Cocculuslndicus, 
Grains  of  Para- 
dise, Capsicum, 
Ginger,  Qiias- 
sia,AVomiwood, 
Calamus  Boot, 
Caraway  and 
CoiianderSeeds, 
Ginger,  Orange 
Powder  .Liquor- 
ice, Honey,  Sul- 
phate of  iron, 
Sulphuric  Acid, 
Cream  of  Tar- 
tar, Alum,  Car- 
bonate of  Po- 
tash, Oyster 
Shells,  Harts- 
horn Shavings, 
Fabia  amara  or 
Wux  Vomica, 
Beans. 

Rum 

Cocouhis  Indicus. 

Sugar  . 

Potato  Sugar,  Gum,  Dex- 
trin. 

Tea 

The  Leaves  of  Beech, 
Plane,  Bastard  Plane, 
Elm,  Poplar,  AYillow, 
Fancy  Oak,  Hawthorn, 
Sloe. 

Rose  Pink,  Dutch 
Pink,  Vegetable 
Red  and  Yellow 
Dyes,  Chrome  Yel- 
low, Venetian  Red, 
Carbonate  of  Cop- 
per, Arsenite  of 
Copper,  Chromate 
and  Bichromate  of 
Potash,  Carbonates 
of  Lime  and  Mag- 
nesia. 

- 

WlXE 

Jernpiga,  Cider,  mixtures 
of  inferior  and  different 
Wines,  the  juice  of 
Bhubarb,  Gooseberries, 
Apples,  and  Pears. 

Elderberry  Juice, 
Logwood,  Brazil 
AVood,  Bilberries, 
Burnt  Sugar,  Black 
Cherries,  Cochi- 
neal, Mallow  Flow- 
ers. 

Lead,  Bitartrate 
of  Potash,  Oak 
Sawdust,  Cate- 
chu, Cherry 
Laurel  Water, 
Carbonates  of 
Soda  and  Po- 
tash, j\j-tificial 
Flavouruig. 
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List  of  Articles  stated  by  Others  to  he  employed  for  the  different  Purposes  of 
Adulteration,  but  of  the  Use  of  which  no  PosUwe  hvidence  has  been  adduced, 

ally,  had  recourse  to. 


AKnowROOT 
Anchovies 


Colouhed 
coxpectiox- 

EUY. 


Coffee 


CmconY  . 


Cocoa  and 
Chocolate. 


Flock 


Honey 


Lemos  and 
Lime  Juices. 


Lmiu3 


For  Bulk  and  Weight. 


Ground  Eice. 

Sprats,  Sardines,  Plaster 
of  Paris. 

Barley,  Oat,  Pea  Flour, 
Pipe  Clay,  Plaster  of 
Paris,  Bonedust,  Car- 
bonates of  Lime,  Mag- 
nesia, and  Soda. 

■\Vlnte  Potter's  Clay,  Pipe 
Clay,  or  Cornish  Clay  ; 
Chalk,  Sand. 

Boasted     Peas,  Coffee 
Grounds,  Carrots,  Beet- 
.  root.  Parsnip,  Baked 
Liver. 

Ton-efied  Ground  Rice, 
Boasted  Biscuit,  Oak 
Bark  Tan,  Exhausted 
Tan,  called  Croats. 

Old  Sea  Biscuits,  Coarse 
Branny  Flour,  Animal 
Fats,  as  Tallow,  Lard, 
Treacle.  Sulphate  of 
Lime,  Chalk. 

Chalk,  Bone  Eai-th,  Plas- 
ter of  Paris,  Powdered 
Flints. 


Chalk,  Sulphate  of  Lime, 
and  Pipe  Clay. 


For  Colom-. 


For  Taste,  Smell, 
and  other 
Properties. 


Cobalt,  Smalt,  Lit- 
mus, Naples  Yellow. 


Madder  Boot. 


Baked  Horses'  Liver, 
Burut  Blood. 


Bed  Lead,  Vermilion, 
Bed  and  Yellow 
Ochre. 


Acetate  of  Lead, 
Oil  of  Turpen- 
tine. 


Tartaric  Acid, 
Hydrochloric 
and  Nitric  Acids 

Common  Arsenic 
and  Peroxide 
of  Mercury. 
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List  of  Substances  (^continued). 


For  Bulk  and  Weight. 

For  Colour. 

For  Taste,  Smell, 
and  other 
Properties. 

Malt  Beve- 

llAGKS* 

.. 

Gentian,  Chiretta, 
Quiissia,\Vorm- 
wood.  Orange 
Peel,  Camo- 
mile, Opium. 

MUSTAUD  • 

Pen.  I'ioiir,  Linseed  Meal, 
Badisli  Seeds. 

Chromate  of  Lead. 

Milk  • 

Sheep's  Brains,  Gum  Tra- 
gacanth.  Milk  o£  Al- 
monds. 

Turmeric. 

Ground  Oil  Cake,  Clay. 

RASPBEIinY 

Jelly. 

Currant  Jelly. 

Orris  Root. 

SUGAE  . 

Sand,  Plaster  of  Paris, 
Powdered  Marble. 
Chalk,  BOnedust,  and 
Common  Salt. 

■ 

Sauces  . 

Chalk,  Plaster  of  Paris. 

Red  Lead. 

Vinegar 

Acetic,  Hydrn- 
chloric,  Nitric, 
and  Tartaric 
Acids;  Cayenne, 
Long  PepiJer, 
Mustard  Seed, 
Salt. 

Another  arrangement  or  classification  of  substances  used  for  adul- 
teration is  into  those  that  are  not  injurious,  but  the  use  of  which  is 
simply  fraudulent,  and  into  those  which  are  hurtful  to  health.  A  list 
of  all  the  substances  employed  for  adulteration,  which  are  more  or 
less  prejudicial  to  health,  will  be  given  hereafter. 

IMPORTAKCE  OF  THE  SUBJECT  OF  ADULTEKATIOH-. 

The  subject  of  adulteration  is  undoubtedly  one  of  such  high  import- 
ance, that  it  may  fairly  engage  the  earnest  tlioughts  of  the  financier, 
the  sanitarian,  and  the  moralist. 

The  financier,  because  it  involves  to  a  large  extent  considerations 
of  profit  and  loss  ;  profit  to  the  manufacturer  and  seller  of  adulterated 
articles,  and  loss  to  the  consumer  and  the  revenue. 

The  sanitarian,  because  some  of  the  articles  employed  in  adultera- 
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trionai-e  of  au  exceedingly  injurious  character,  and  calculated  to  affect 
materially  the  public  health. 

Aud  the  moralist,  since  the  practice  of  adulteration  mvolres  decep- 
tion, and  even  fraud.  .       ,     i     rr  • 

Adulteration  is  therefore  a  gi-eat  national  question,  closely  altectm^ 
Ihe  pocket  of  the  consimier,  the  revenue,  and  the  health  and  morals 
of  the  people.  "We  shall  now  proceed  to  enlarge  upon  each  of  these 
heads. 

THE  PECUUTAET  BE^UHN^GS  OF  ADTTITERATION. 

The  pecuniary  bearings  of  the  subject  of  adulteration  are  of  very 
-CTeat  importance,"  and  they  relate  to  the  consumer,  the  manufacturer, 
merchant  or  tradesman,  and  the  revenue. 

The  o-reat  profit  of  adulteration  arises  from  the  sale  of  articles  so 
adidterated  as  to  be  greatly  inferior  in  value  to  genuine  commodities, 
a  price  being  demanded  for  these  mixed  goods  yielding  a  larger  profit 
than  coidd  be  obtained  by  the  sale  of  unadulterated  goods  ;  in  fact, 
lhey  are  ofteu  sold  at  the  rate  of  the  piu-e  articles.  This  increased 
profit  to  the  seller  is  just  so  much  loss  to  the  consumer. 

So  great  is  the  loss  of  the  consumer  arising  out  of  the  practice  of 
adulteration  that  it  is  questionable  whether  it  does  not  amount  in  most 
cases  to  more  than  the  smn  of  the  whole  of  his  taxes.  The  greatest 
losei-s  by  adulteration  are  the  humbler  classes,  the  labourer  and  the 
artisan,"who  are  compelled  to  purchase  the  articles  they  use  at  the 
cheapest  shops,  where  adulteration  prevails  to  the  greatest  extent. 
This  practice,  therefore,  presses  with  pecidiar  hardship  upon  the 
labouring  portion  of  the  population. 

It  is  clear  that  the  sellers  of  adulterated  articles  of  consiuuption, 
be  they  manufactm-ers  or  retail  dealers,  are  in  a  position  to  enhance 
their  profits  by  the  practice  of  adulteration,  and  are  enabled  to  under- 
sell, and  too  often  to  ruin,  their  more  scrupulous  and  honest  compe- 
titors. 

The  question  of  the  adulteration  of  food  is  therefore  one  which 
vitally  affects  the  interests  of  the  more  honest  and  respectable  portion 
of  the  tradiuf/  community,  who  depend  upon  the  manufacture  and  sale 
of  articles  of  consumption,  and  it  behoves  them  strenuously  to  exert 
themselves  to  put  an  end  to  a  system  of  adulteration,  which  under- 
mines the  very  foundation  of  trade,  namely,  Faith  in  Commeeciai. 
Integeitt. 

The  pecuniary  interests  of  the  State  in  the  question  of  adidteration 
will  become  apparent  when  we  remember  that  a  large  part  of  the 
re-\-enue  is  derived  from  duties  on  articles  of  consmuption.  The  more 
these  articles  are  adulterated,  the  more  is  the  revenue  defrauded. 

It  is  not  possible  to  estimate  with  certainty  the  precise  loss  to  the 
State  arising  out  of  adidteration;  but  from  the  millions  of  money 
derived  from  duties  on  articles  of  consumption  amounting,  according 
to  the  author  of  the  '  Food  of  London.'  to  half  the  national  revenue, 
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and  from  the  extent  to  which  adulteration  has  prevailed,  and  still 
prevails,  the  loss  must  amount  annually  to  an  enormoxLs  sum  of  money. 

Mr.  P.  L.  Simmonds,  in  his  evidence  hefore  the  Parliamentary  Com- 
mittee in  1855,  handed  in  some  calculations,  whereby  he  made  the  loss 
to  amount  in  the  year  1854  to  upwards  of  three  millions ;  hut  this 
estunate  we  believe  to  have  been  too  low  at  the  date  at  which  the 
calculations  Avere  made.    At  about  the  same  date  we  also  considered 
well  this  question,  and,  assigning  to  each  article  a  certain  percentage 
of  adulteration,  based  upon  the  returns  for  the  year  1855,  and  of  many 
thousands  of  analyses,  Ave  arrived  at  the  conclusion  that  the  total  loss 
to  the  revenue  arising  out  of  adulteration  amounted  to  about  seven 
minions.  This  estimate  for  the  present  time  is  no  doubt  too  high  ;  but 
the  loss  may  still  be  calculated  at  millions,  if  we  include  tea,  coflee, 
cocoa  pepper,  malt,  malt  beverages,  hops,  spirits,  wine,  and  tobacco, 
which  are  the  main  heads  under  which  the  loss  is  sustained,  and  from 
which  the  revenue  is  derived. 

These  few  facts  are  sufficient  to  show  the  paramount  importance  ot 
adulteration  to  the  national  exchequer. 

If  the  State  loses  so  much,  it  is  pretty  certain  that  the  public  suflers 
a  much  greater  loss. 

THE  S.\JSriTAEY  BEAEHTGS  OF  ABULXERATIOX. 

"We  now  come  to  consider  the  question  of  adulteration  as  it  affects 
the  public  health.  No  doubt  can  possibly  be  entertained  on  this  sub- 
iect  •  no  one  who  examines  with  sufficient  care  the  tacts  but  must 
ackn'owledo-e  that  the  subject  of  adulteration  is  of  the  highest  import- 
ance in  a  sanitary  point  of  view,  and  as  a  question  of  pubhc  health. 

In  the  first  place,  the  adulteration  of  articles  Avith  substances, 
althouo-h  harmless  in  themselves,  is  frequently  prejudicial,  bv  reducing 
and  weakening  the  natural  properties  of  those  articles,  ihis  is  the 
case  when  roasted  corn  or  carrot  is  added  to  coflee,  and  water  to  milJj : 
but  the  remark  applies  especially  to  medicines;  for  in  this  case  to 
reduce  the  strength  of  a  medicine  by  adulteration  is  to  destroy  or 
modify  the  proper  action  of  that  medicine.  The  proper  doses  of  dif- 
ferent remedial  agents  have  been  determined,  in  most  cases,  by  caretui 
observation  and  experiment;  and  in  diflerent  doses  the  same  medicine 
is  lmownto  produce  very  diiferent  eftects.  To  adulterate  medicines 
even  with  harmless  substances,  is  to  destroy  the  veiy  foimdation  o 
•  the  healing  art,  and  so  to  render  nugatory  the  wisest  and  best  du-ected 

adulteration  acts  prejudiciaUy  to  the  public 
health  when  substances  are  employed  possessing  in.inrious  properties 
Now  a  -reat  variety  of  such  substances  are  used  lor  the  pvu-po.e  ot 
adulteration.  AVe  have  ourselves  detected,  amongst  others,  the  lollop  - 
in<r  —The  three  chromates  of  lead,  the  three  Brunswick  greens,  wuicli 
are  mixtures  of  the  chromates  of  lead  and  indigo  or  Pnissian  blue, 
red  oxide  of  lead  or  red  lead,  arsenite  of  copper,  sidphate  of  coppei, 
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acetate  of  copper,  carljouate  of  copper  or  verditer,  carbonate  of  lead  or 
white  lead,  Ksulpliuret  of  mercury,  cinnabar  or  vermilion,  sulphate  of 
ii'on,  gamboge,  cayenne  in  spirits,  bronze  powders,  which  are  alloys  of 
copper  and  zinc,  sulphate  of  lime,  carbonate^  of  lime,  red  ferruginous 
earths,  and  other  suljstances  more  or  less  injurious.  This  list,  it  will 
be  observed,  contains  the  names  of  some  of  the  most  virulent  poisons. 
Sometimes  the  quantities  of  these  substances  used  are  so  considerable 
that  immediate  ill  eftects  are  produced :  thus,  as  has  abeady  been  stated, 
scarcely  a  year  passes  but  that  serious,  and  even  fatal,  accidents  arise 
out  of  the  practice  of  colouring  sugar  confectionery  with  poisonous 
pig-ments.  More  frequently  the  eftects  are  more  slowly  developed :  the 
substances,  although  taken  perhaps  in  but  minute  quantity,  gradually 
and  insidiously  deteriorate  the  health,  giving  rise  frequently,  amongst 
other  maladies,  to  A-arious  forms  of  dyspepsia  or  indigestion :  some- 
times, as  in  the  case  of  lead,  copper,  mercury,  and  arsenic,  they 
accumulate  in  the  system  until  at  length  serious  consequences  are 
produced ;  thus  cases  of  paralysis  haA'e  been  traced  in  the  clearest 
manner  to  the  use  of  snuft"  adidterated  with  preparations  of  lead ; 
some  of  these  cases  will  be  found  recorded  in  '  Food  and  its  Adulte- 
rations ; '  other  cases  of  lead  paralysis,  it  has  been  stated,  have  been 
produced  by  the  use  of  cayenne  adidterated  with  red  lead. 

The  subjoined  table  contains  not  only  the  names  of  the  snbstances 
used  in  adulteration  possessing  more  or  less  injm-ious  properties,  but 
also  the  names  of  the  articles  in  which  they  have  been  discovered.  It 
will  be  perceived  that  the  number  of  such  substances  is  very  great. 

Now  with  eTOlence  such  as  the  above,  it  is  impossible  to  contend 
that  the  use  of  such  a  variety  of  injiu-ious,  and  even  poisonous,  sub- 
stances is  imattended  with  danger,  and  that  adidteration  does  not 
afiect  the  public  health.  It  may  so  happen,  and  it  has  doubtless  not 
unfrequently  occuiTed,  that  the  same  person,  in  the  com-se  of  a 
single  day,  receives  into  his  stomach  several  of  the  articles  above 
enumerated.  Thus,  -with  the  potted  meats  and  lish,  anchovies,  red 
sauces,  or  cayenne,  taken  at  brealdast,  he  would  consume  more  or  less 
bole  Ai-menian,  Venetian  red,  red  lead,  or  even  bisulphuret  of  mercury. 
At  dinner,  with  his  cuny  or  cayenne,  he  would  run  the  chances  of  a 
second  dose  of  lead  or  mercury  ;  with  the  pickles,  bottled  fruits  and 
vegetables,  he  would  be  nearly  sure  to  have  copper  administered  to 
him ;  while  if  he  partook  of  bonbons  at  dessert,  there  is  no  telling  what 
nimiber  of  poisonous  pigments  he  might  consume.  Again,  in  his  tea, 
if  mixed  or  gi'een,  he  would  certainly  not  escape  without  the  adminis- 
tration of  a  little  Prussian  blue,  and  it  might  be  worse  things  ;  if  he 
were  a  snuft-taker,  he  would  be  pretty  sure  to  be  putting  up  his  nostrils, 
from  time  to  time,  small  quantities  of  either  some  ferruginous  earth, 
bichromate  of  potash,  chromate  of  lead,  or  red  lead :  finally,  if  he 
indulged  himself  with  a  glass  or  so  of  grog  before  going  to  bed,  he. 
would  incur  the  risk  of  having  the  coats  of  his  stomach  irritated' 
with  tincture  of  capsicum  or  essence  of  cayenne.    If  an  invalid, 
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Injurious  Substances  actually/  detected  in  adulterated  Articles  of  Consumption. 


Substances. 


Articles. 


Cocculus  indicus. 

Arsenite  of  copper,  emerald  green 

or  Sclieele's  green. 
Sulphate  of  copper  or  blue  vitriol, 

and  acetate  of  copper  or  verdigris. 

Carbonate  of  copper  or  verditer. 
The  three  chromates  of  lead. 
Red  oxide  of  lead. 

Eed  ferruginous  earths,  as  Venetian 
red,  bole  Armenian,  red  and  yel- 
low ochres,  umber,  &c. 

Carbonate  of  lead. 
Plumbago  or  black  lead. 
Bisulphuret  of  mercury  or  cinnabar. 
Sulphate  of  iron. 
Cayenne. 
Gamboge. 

Chromates  of  potash. 

The  three  false  Brunswick  greens, 
being  mixtures  of  the  chromates 
of  lead  and  indigo,  or  Prussian 
blue. 

Oxychlorides  of  copper  or  true  Bruns- 
wick greens. 

Orpiment  or  sulphuret  of  arsenicum. 

Ferrocyanide  of  iron  or  Prussian 
blue. 

Antwerp  blue  or  Prussian  blue  and 

chalk. 
Indigo. 
.  Ultramarine. 
Artificial  ultramarine. 
Hydrated  sulphate  of  lime,  mineral 

white,  or  plaster  of  Paris. 
Alum. 

Sulphuric  acid. 

Bronze  powders  or  alloys  of  copper 
and  zinc. 


Beer,  rum. 

Coloured  sugar  confectionery. 

Pickles,  bottled  fruits  and  vegetables, 
tinned  vegetables,  preserves,  dried 
and  crystallised  fruits,  bread. 

Coloured  sugar  confectionery  and 
tea. 

Custard  powdprs,  sugar  confection- 
ery, tea,  and  snuflf. 
Cayenne,  curry  powder,  sugar  con- 
fectionery. 

Eed  sauces,  as  shrimp,  lobster,  an- 
chovy, and  tomato  sauces  ;  and  in 
potted  meats  and  fish,  cocoa,  chi- 
cory, coffee,  anchovies,  annatto, 
cheese,  tea,  snuff,  &c. 

Sugar  confectionery. 

In  certain  black  and  lie  teas. 

Cayenne,  sugar  confectionery. 

Ke-dried  tea,  and  in  beer. 

Gin,  rum,  ginger,  mustard. 

Sugar  confectionery. 

Tea  and  snuff. 

Sugar  confectionery. 


Ditto. 

Ditto. 
Ditto. 

Ditto. 

Ditto. 
Ditto. 
Ditto. 

Flour,  bread,  sugar  confectionerj'. 

Bread  and  flour. 
Vinegar,  gin. 
Sugar  confectioner}'. 
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his  condition  would  be  still  worse ;  for  then,  m  all  probability,  he  would 
be  deprived  of  much,of  the  benefit  of  the  skill  of  his  pliysician  through 
the  dilution  and  sophistication  to  which  the  remedies  administered  lor 
his  relief  were  subjected.  This  is  no  fanciful  or  exaggerated  picture, 
but  one  based  upon  the  results  derived  from  the  analysis  of  diflerent 
articles  as  furnished  to  the  consumer. 

MORAL  BEAKIKGS  OP  ADULTERATION. 

The  third  and  last  aspect  in  which  adulteration  is  to  be  considered 

*  It  i^  impossible  for  a  man  to  be  guilty  of  adulteration  and  yet  be  an 
honest  man.  Can  it  even  be  said  of  the  adulterator,  be  he  a  manu- 
facturer or  a  roaster  and  grinder  of  chicory  and  coffee,  or  be  he  a  retail 
tradesman  who  sophisticates  the  goods  which  he  sells  and  mixes  them 
with  roasted  corn  or  beans,  Venetian  red,  &c.,  that  he  is  guilty  ot  a 
less  offence  than  the  common  thief  ?  The  last  takes  but  oiu-  property, 
while  the  former  not  only  robs  us  of  our  substance,  but  sometuiies 
our  health  as  well.  ,.         -i- t.  * 

But  adulteration  not  only  makes  those  who  practise  it  dishonest,^ 
but  other  very  serious  evils  often  ensue :  thus  it  begets  a  loss  ot 
confidence  on  the  part  of  the  buyer  in  those  with  whom  he  dea  s. 
In  this  way  sometimes  not  only  does  the  honest  trader  come  to  be 
looked  upon  with  the  same  suspicion  as  the  adulterating  merchant  or 
tradesman,  but  the  status  of  the  whole  of  that  portion  of  the  trading 
connnunity  engaged  in  the  sale  of  articles  of  consumption  is  lowered, 
and  it  is  looked  upon  with  misgiving  in  aU  its  transactions;  lastly,  the 
character  of  the  whole  nation  for  integrity  in  its  dealings  suflers  m 
consequence  of  adulteration. 

There  is,  then,  scarcely  an  individual  whose  interests  are  not  deeply 
concerned  in  the  subject  of  adulteration.  The  interests  of  large 
public  institutions  of  all  kinds  are  vitally  affected  by  adulteration,  as 
our  hospitals  and  other  charitable  establishments,  workhouses,  barracks, 
shipping,  lunatic  asvlums,  public  schools,  and  similar  institutions. 
Many  of  these  establishments  are  supplied  by  contract  with  different 
articles  of  consimiption,  as  milk,  tea,  sugar,  coftee,  cocoa,  arrowroot, 
oatmeal,  spices,  &c.  Now  it  often  happens  that  the  articles,  and  es- 
pecially milk,  oatmeal  and  arrowroot,  supplied  imder  these  contracts, 
are  adulterated,  and  this  is  frequently  to  be  explained  by  the  fact  that 
these  and  other  articles  are  sometimes  purchased  under  market  price, 
and  consequently  cannot  possibly  be  genuine. 

Talcing  into  consideration,  therefore,  all  the  circmnptances  of  the 
case,  we  believe  it  to  be  almost  impossible  to  over-estimate  the  im- 
portance of  the  subject  of  adulteration,  viewed  either  as  a  question 
of  public  health,  of  pecuniary  loss  to  the  consumer  and  the  revenue, 
or  as  one  of  morality.  To  sum  up,  it  is  not  too  much  to  say  that  the 
question  of  adulteration  is  one  which  affects  the  health  of  thousands, 
and  even  the  lives  of  many ;  that  himdreds  of  thousands  of  pounds 
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ai'e  annually  lost  to  the  consumer  and  the  revenue  by  the  piuctice 
of  adulteration ;  and  tliat  by  its  prevalence  tl^^  moral  statius  of  the 
commercial  portion  of  the  community  of  this  country  is  loveered  in 
the  eyes  of  the  world. 

THE  KEMEDIES  FOR  ABULTEEATIOir. 

The  means  to  be  employed  for  the  suppression  of  adulteration  are 
of  two  Irinds,  viz.,  those  which  are  used  for  the  discovery  of  adultera- 
tion, and  those  for  its  punishment. 

There  are  two  principal  means  by  which  the  discovery  of  adultera- 
tion is  effected,  chemistry  and  the  microscope. 

Chemistry  has  been  long  employed  for  the  detection  of  adulteration, 
and  it  was  upon  this  means  of  investigation  that  the  earlier  observers 
almost  exclusively  relied. 

The  application  of  the  microscope  to  the  detection  of  adulteration 
is  comparatively  new,  and  dates  chiefly  from  the  period  at  which  the 
author's  paper  on  the  Adulteration  of  Coflee  was  commmiicated  to  the 
Botanical  Society  of  London,  that  is  from  August,  1850.^  This  is  cer- 
tainly the  most  practical  and  important  use  which  has  ever  been  made 
of  that  instrument ;  for  by  its  means  hundreds  of  adulterations  have 
been  discovered,  the  detection  of  which  is  beyond  the  power  of 
chemistry,  and  which  had  pre^iiously  eluded  all  the  efforts  of  science. 
The  author  claims  to  have  been  the  first  to  employ  ou  a  large  scale  the 
microscope  for  the  discovery  of  adulteration ;  on  this  point,  however, 
the  language  of  others  may  be  quoted. 

The  '  Lancet,'  in  re-^dewing  the  author's  work  on  the  Adulteration  of 
Food,  writes,  January,  1855:  'It  is  now  unnecessary  to  say  how  com- 
pletely Dr.  Hassall  dispelled  the  delusion  as  to  the  circiunscription  of 
science,  and  how  he  demonstrated  that  the  microscope,  vdelded  by  the 
skilful  natm-alist  and  chemist,  was  able  to  uuravel  and  to  analyse  the 
component  structures  of  substances  that  bid  defiance  to  the  blow- 
]3ipe  and  the  test-tube  alone.  It  is  the  great  and  original  merit  of  Dr. 
Hassall  to  have  applied  the  microscope  to  important  uses  in  enquiries 
of  this  nature,  and  to  have  shown  by  it  not  only  many  things  pre- 
viously considered  impossible  to  show,  but  many  things  not  pre- 
"  viously  suspected  to  exist.' 

The  '  Quarterly  Review,'  in  an  article  on  the  same  subject,  remarks: 
'  It  is  in  the  application  of  the  microscope  that  consists  Dr.  Hassall's 
advantage  over  all  previous  investigatoi-s  in  the  same  field.  The 
precision  with  which  he  is  enabled  to  state  the  results  of  his  laboiu'S 
leaves  no  appeal.' — March,  1855. 

The  '  Dublin  Eeview '  observes :  '  The  secret  of  his  success  has 
been  that,  in  addition  to  chemical  analyses,  he  has  used  the  microscope 
iu  his  enquiries ;  and  his  merit  not  only  consists  in  the  able  manner  in 
which  he  has  employed  the  instrument,  but  in  his  being  the  first  to  use 
it  practicallj'  and  to  such  an  extent  for  this  purpose. 

1  See  '  Times,'  August  5,  1850. 
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'The  microscope,' writes  the  '  Times,' ^  refen-iug-  to  our  labours 
-  «eems  to  have  been  the  more  eflective  instrument  m  the  work.  Less 
th  m  five  years  ao-o  it  would,  we  are  told,  have  been  impossible  to  detect 
tirpresence  of  chicory  in  coflee.  In  fact,  the  opinion  ot  three  distin- 
iuiXd  chemlts  was  actually  quoted  in  the  House  of  Commons  to  hat 
iSSVwhereas  by  the  use  ot' the  microscope  the  difierences  of  structure 
in  these  two  substances  can  be  promptly  discerned. 

Lastly  the  following-  remarks  from  the  pen  of  a  very  able  wa-iter, 
Pr  SS4  to  ,  maf  be  quoted :  '  The  scientific  orTg.nality  of  Dr 
IIa==sS?labom-s  in  laying  bare  the  health-destroying  and  fraudulent 
Sdterations  S^fo     Lxf  drugs,  is,  if  possible,  still  more  meritorious ; 
tn  l  t  woidd  be  difhcidt  to  over-estimate  the  piibhc  miportance  of  the 
Si'idtslbtehied.    The  means  previously  relied  upon  to  check  these 
aSSterations  were,  the  cumbrous  and  costly  --^^--^hVlSr^l 
and  the  subsidiai-y  aid  which  chemistiy  coidd  aflord.    The  olhceis  ot 
^Je  Excirwerejor  the  most  part,  driven  to  seek  for  evidence  by 
forcible  entry  and  the  seizure  of  articles  found  on  suspected  premises. 
When  the  art  of  the  chemist  failed,  science  was  practicaUy  exhausted. 
So  late  as  1851,  the  then  Chancellor  of  the  Exchequer  was  able  to 
emote  in  the  House  of  Commons,  as  the  deliberate  opinion  of  three  of 
the  most  distinguished  chemists  of  the  day,  who  had  been  specially 
Tequested  to  report  upon  the  subject,  '  tJuA  neither  by  cl^^^fryn^^^^^ 
am,  other  means  could  the  admixture  of  chicory  with  coffee  detM. 
How  completely  this  foregone  conclusion  has  been  exploded  by  the 
labours  of  Dr.  tlassall,  as  Analyst  of  the  Sanitary  Commission  of  the 
"  Lancet,"  is  notorious.    There  is  now  nothing  m  science  more  certain 
imd  precise  than  the  discrimination,  by  means  of  the  microscope,  ot  the 
Tarions  forms  of  vegetable  tissue,  no  matter  to  what  extent  they  may 
lie  pulverised,  mixed,  or  even  roasted.  .  , 

'  The  interest  of  Dr.  Ilassall's  researches  is  universal.  Ihey  have 
benefited  the  public  revenue,  every  man  in  health  or  m  sicloiess,  and 
the  physician  who  trusts  in  the  properties  of  the  agents,  vvhether  uie- 
dicinal  or  dietetic,  which  he  prescribes  ;  and  Parliament  has  been  in- 
formed thi-ough  them  of  new  gTOunds  and  new  principles  of  legislation. 
The  o-reat  importance  of  the  siibject  of  the  adulteration  of  food,  drmk, 
,and  drugs  has  already  been  recognised  by  Parliament,  and  this  mainly 
thi-ough  the  labours  of  Dr.  HassalL' 

XHE   APPIICATIOK   OF   THE   MICROSCOPE   TO    THE    DETBCTIOK  OE 

ADITLTEBATION. 

The  microscope  is  specially  suited  to  the  detection  of  organised 
.structm-es  or  substances,  as  the  several  parts  of  ammals  and  plants  ;  it 
is  with  the  latter  that  we  chiefly  have  had  to  do  m  the  course  oi  the 

present  work.  .  .  .  , 

When  we  survey  with  our  unaided  vision  any  animal  or  phmt,  we 

1  July  24^,  1855. 
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detect  a  variety  of  evideuces  of  org-anisation  or  structure :  but  tliere  is 
iu  every  part  of  every  auimal  or  vegetable  production,  an  extra- 
ordinary amount  of  organisation,  -wliolly  invisible  to  the  unarmed 
sight,  and  which  is  revealed  only  to  the  powers  of  the  microscope.. 
Now  this  minute  and  microscopical  organisation  is  different  in  dif- 
ferent parts  of  the  same  animal  or  plant,  and  different  in  different 
animals  and  plants,  so  that  by  means  of  these  differences,  rightly 
understood,  the  experienced  microscopical  observer  is  enabled  to 
identify  in  mant  cases  infinitely  minute  portions  of  animal  or  vegetable 
tissues,  and  to  refer  them  to  the  parts  or  species  to  which  they 
belong. 

Thus,  by  means  of  the  microscope,  one  kind  of  root,  stem,  or  leaf 
may  generally  be  distinguished  from  another,  one  Icind  of  starch  or 
flour  from  another,  one  seed  from  another,  and  so  on.  In  this  way, 
the  microscope  becomes  an  invaluable  and  indispensable  aid  in  the- 
discovery  of  adulteration. 

Applying  the  microscope  to  food,  it  appears  that  there  is  scarcely  a 
vegetable  article  of  consumption,  which  is  not  a  liquid,  which  may  not 
be  distinguished  by  means  of  that  insti-umeut.  Fm-ther,  that  all  those 
adulterations  of  these  articles  which  consist  in  the  addition  of  other 
vegetable  substances,  and  which  constitute  by  far  the  majority  of  the 
adulterations  practised,  may  likewise  be  discovered  and  discriminated 
by  the  same  means. 

The  same  remarks  apply  to  all  the  vegetable  drugs,  whether  roots, 
barks,  seeds,  or  leaves.  We  are  not  acquainted  with  one  such  di'ug,, 
which  may  not  be  thus  distinguished. 

The  seeds  even  belonging  to  diftereut  species  of  the  same  genus- 
may  frequently  be  distinguished  from  each  other  by  the  microscope, 
a  point  in  some  cases  of  very  great  importance.  A  remarkable  instance- 
of  this  has  fallen  under  our  observation.  The  seeds  of  the  different 
species  of  mustard,  rape,  &c.  may  all  be  distinguished  under  the  mi- 
croscope by  differences  in  their  organisation.  To  show  the  importance 
of  the  discrimination  in  some  cases,  the  foUovdng  instance  may  bo 
cited.  Some  cattle  were  fed  with  rape  cake,  and  died  with  symptoms 
of  inflammation  of  the  stomach  and  bowels.  Nothing  of  a  poisonous 
natm-e  coidd  be  detected  on  analysis ;  but  it  was  suspected  that  the 
cake  might  be  adulterated  with  mustard  husk,  although  even  this  point 
could  not  be  clearly  established  by  chemical  research.  Under  these 
circumstances  the  cake  Avas  sent  to  the  author  for  examination, 
wlio  had  but  little  difliculty  in  ascertaining  that  it  was  adulterated 
with  mustard  seed,  which,  from  the  large  quantity  consmned,  was 
doubtless  the  cause  of  the  fatal  inflammation.  Not  only  can  the  seeds 
of  different  plants  of  the  same  genus  be  frequently  discriminated  by 
the  microscope,  but  in  some  cases  those  belonging  even  to  mere  varieties 
of  species. 

The  microscope  in  some  cases  can  even  inform  us  of  the  processes  or 
agents  to  which  certain  vegetable  substances  have  been  subjected^ 
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Illustrations  of  tliis  ave  afforded  hy  the  starches  of  wheat  andharley 
ifcxn  he  deteruiined  by  the  microscope  Avhether  these  are  rcno,  baked, 
ovZiled,  01  whether  Lucd  or  tmmalted.    Illustrative  figures  will  he- 
fouud  in'  the  articles  on  bread  and  beer.         _  ,     ,  ,    ,t  - 

An-ain  it  is  not  only  when  the  articles  are  m  a  separate  state  that 
they  "can  he  thus  disting-uished ;  hut  even  when  mixed  together  m 
imlrent  proportions.  We  have  succeeded  m  detectmg  m  certain 
ye-etahle  Jowders  no  less  than  nine  difterent  productions  _ 

"So  oreatand  manifest  are  the  differences  revealed  hy  the  micro-- 
scone  in  various  vegetable  substances,  that,  with  ordinai-y  care  and 
some  amount  of  preliminary  knowledge,  the  discrimination  becomes  a 
matter  of  the  greatest  ease  and  the  most  absolute  certainty. 

This  wiU  appear  even  from  an  examination  of  the  nnmerous  figures- 
iUustrative  of  the  microscopical  structm-e  of  different  articles  of  food, 
and  of  the  substances  employed  in  their  adulteration. 

Fm-ther,  wonderful  to  relate,  the  grinding  and  pulverisation,  and 
even  the  charring,  of  many  vegetable  substances,  does  not  so  destroy 
their  structure  as  to  render  their  identification  by  the  microscope  im-- 
possible.  Chicory  and  coffee  may  be  thus  roasted  and  pulverised,  and 
vet  each  may  be  subsequently  identified  with  the  greatest  ease,  they 
l)ein<^  in  fact  but  little  changed,  except  in  colour,  and  in  the  case  ot 
coffee  by  the  dispersion  of  the  droplets  of  oil  visible  in  the  cells  of  the- 

um'oasted  beny.  ,  ,  . 

A'-ain  substances  may  be  discovered  by  means  of  the  microscope,, 
even  when  introduced  into  articles  for  the  pm-pose  of  adulteration  in 
extremely  minute  quantities.  The  case  of  some  mustard  forwarded  by 
a  manufacturer  to  the  '  Lancet'  some  tune  since  furnished  a  remark- 
able illustration  in  point.  . 

The  mustard  was  stated  to  be  genuine ;  but  on  examination  with 
the  microscope  it  was  foimd  to  contain  a  small  quantity  of  turmeric. 
The  manufacturer,  when  informed  of  the  fact,  very  candid  y  and 
properly  aclmowledged  that  this  was  the  case,  and  stated  that  he  had 
added  '  two  ounces  of  turmeric  to  fifty-six  jioimds  of  seeds,  not  for  the- 
purpose  of  gain  or  adulteration,  but  smiply  to  enliven  the  colom-  and 
make  its  appearance  more  acceptable ; '  that  is,  the  quantity  of  turmeric 
present,  and  discovered  by  the  microscope,  consisted  of  only  one  inin  in 
448  of  the  quantity  examined. ^ 

ITie  last  illustration— and  a  very  striking  and  beautiiul  one  it  is, 
althouo-h  not  immediately  connected  with  the  subject  of  adulteration, 
—which  we  shall  adduce  in  order  to  show  the  extraordmary  character 
of  the  information  fmnished  in  some  cases  by  the  microscope,  is 
supplied  by  honey.  ^   ■      c  n 

Honey  is  the  saccharine  exudation  from  the  nectaries  ot  tlowers : 
the  bees  in  collecting  it  carry  away  some  of  the  pollen  of  the^wers. 
-visited  by  them.  Now  this  pollen  consists  of  cells  or  vesicles,  differing- 

1 '  Food  and  its  Adulterations,'  p.  132. 
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in  size,  form,  and  structure,  according  to  the  plants  from  v/liicli  it  is 
derived,  certain  plants  being  characterised  by  pollen  granules  of  a  cer- 
tain configm-ation  and  organisation.  By  the  pollen  present  in  honey, 
therefore,  the  scientific  microscopist  acquainted  with  the  character- 
istics of  the  pollen  of  different  plants  is  enabled  to  decide  in  many 
instances  upon  the  nature  of  the  plants  from  which  the  honey  has  been 
procured,  and  whether  it  has  been  collected  from  the  flowers  of  the 
lield,  the  garden,  the  heath,  or  the  momitain.  (See  article  Honey  for 
figures  in  illustration.) 

There  is  still  another  use  to  which  the  microscope  may  be  applied 
in  the  detection  of  adulteration;  it  may  frequently  be  made  to  serve 
as  an  auxiliary  to  chemical  researches  :  thus,  for  example,  when  we 
want  to  ascertain  whether  any  substance  contains  starch,  carbonates, 
phosphates,  &c.,  it  is  often  the  quickest  and  most  certain  way  to  apply 
the. reagents  to  a  small  quantity  of  the  substance  while  this  is  imder 
the  field  of  vision  of  the  microscope. 

Chemistry  is  adapted  particidarly  for  the  detection  of  the  various 
•chemical  substances  and  salts  used  for  adulteration :  the  microscope, 
on  the  other  hand,  as  has  been  already  stated,  is  specially  suited  to 
the  detection  of  all  organised  structures  and  substances,  whether  ani- 
mal or  vegetable.  Now  it  is  precisely  in  this  branch  of  investigation 
that  chemistry  fails  to  afford  us  any  considerable  aid. 

Chemistry  can  tell  us  whether  starch  is  present  in  any  substance, 
but  it  is  very  seldom  indeed  that  it  can  fm-uish  us,  as  the  microscope 
,so  constantly  does,  with  the  name  of  the  plant  from  which  the  starch 
was  derived:  it  can  indeed  also  make  us  acquainted  with  the  fact 
that  woody  fibre  is  contained  in  any  particular  article,  but  it  cannot 
fm-nish  us  with  the  name  of  the  tree  or  plant  of  which  it  formed  a 
■constituent.  .       .  , 

Another  great  advantage  of  the  microscope  over  chemistry  is  the 
greater  speed  with  which  results  may  be  arrived  at  Many  chemical 
.analyses  occupy  days,  while  most  microscopical  examinations  mav  be 
made  by  the  practised  observer  in  the  course  of  a  few  minutes.  With 
the  author's  present  knowledge,  there  are  but  few  articles  of  which  he 
could  not  examine  readily  100  samples  per  week. 

Before  proceeding  to  the  examination  of  any  article  with  a  \-iew 
to  discover  whether  it  is  adulterated  or  not,  it  is  necessary  to  ac- 
miaint  om-selves  thoroughly  with  the  appearance  and  structure  of 
the  article  itself  If  this  be  in  the  state  of  powder,  as  the  difierent 
Idnds  of  flour  and  arrowroot,  nothing  more  is  necessary  ^^^.n  to 
place  a  very  minute  portion  of  it  upon  the  glass  slide,  to_  add  a 
•drop  or  two  of  water,  diffusing  the  powder  evenly  through  it  in  a 
layer  so  thin  that  the  light  easily  passes  through  it,  to  cover 
the  object  with  a  thin  glass  cover,  and  to  place  it  in  a  proper 
position  under  the  microscope  for  observation.  If  the  vegetable 
substance  be  a  solid  one,  as  a  root,  stem,  or  seed,  then  it  is  necessaiy 
to  mal:e  some  thin  sections  of  it,  determining  the  structure  from 
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these.  Tliese  sections  are  best  prepared  hy  means  of  a  sharp  and 
thiu-backed  razor-,  of  these  sections  some  should  bo  longitudinal, 
others  transverse,  and  others  should  embrace  the  surfaces  of  the 
object,  both  external  and  internal,  where  the  latter  exists.  The 
examination  is  facilitated  in  some  cases  by  tearing  some  of  the  sections 
in  pieces  yvith  needles  and  also  by  examining-  them  in  glycerine  m 
place  of  water,  this  rendering  the  structiu-e  more  distinct.  Lastly, 
where  the  article  is  one  employed  in  the  form  of  powder,  it  is  necessary 
to  prepare  some  of  the  genuine  powder,  and  to  make  ourselves  familiar 
with  its  structural  characteristics. 

llavino-  progressed  thus  far  in  the  examination  of  the  article,  we 
are  in  a  position  to  scrutinise  samples  of  it,  ^vith  a  view  to  the 
-detection  of  adidteration.  Knowing  well  the  structures  which  are 
met  with  in  the  genuine  article,  we  shall  experience  but  little  difficulty 
in  determining  whether  the  sample  contains  any  foreign  or  extraneous 
vegetable  substance,  or  consists  entirely  of  the  one  article. 

°  Having  determined  that  it  does  contain  such  foreign  substance, 
-the  next  thing  is  to  endeavour  to  ascertain  the  nature  of  this,  and 
to  refer  it  to  the  plant  or  substance  to  which  it  belongs.  The 
facility  vrith  which  this  is  done  depends  upon  the  _  extent  of  _  oiu- 
acquaintance  with  other  vegetable  substances.  If  this  be  consider- 
able, a  fflance  is  often  sufficient  to  determine  this  point. 

However,  it  is  not  requisite  in  all  cases  that  we  should  possess 
.a  Imowledge  of  the  structure  and  appearances  presented  by  any 
very  gi-eat  number  of  vegetable  productions,  since  a  few  articles  are 
constantly  employed  for  adulteration  in  the  case  of  very  many  and 
widely  diiferent  articles,  such  as  wheat  flour,  potato  starch,  sago 
powder,  rice,  &c. ;  and  all  that  is  necessary  in  such  cases  is  that 
we  shoidd  be  able  to  recognise  these  substances  when  we  meet  with 
-them. 

Most  vegetable  substances  are  made  up  of  certain  structiu-es  and 
elements,  as  cellular  tissue,  woody  fibre,  vessels,  starch  granules,  &c. 
In  leaves  we  have  stomata  and  often  hair-like  appendages,  and  in  seeds 
there  are  two  or  more  membranes.  In  endeavouring  to  discriminate 
Tjetween  different  vegetable  substances,  we  must  examine  and  com- 
pare most  carefully  these  several  tissues  and  structures,  the  one  with, 
"the  other.  We  must  compare,  both  size  and  structure,  the  cellular 
"ti&sue  of  one  vegetable  substance  with  that  of  another,  and  the  same 
■v^-ith  the  woody  fibre,  the  vessels,  the  starch,  &c. 

Before  proceeding  to  determine  the  minute  structiu'e  of  any  vege- 
•  table  substance  by  means  of  the  microscope,  we  would  strongly  re- 
commend: the  observer  to  study  some  worlc  on  Stractiu'al  Botany, 
.and  thus  to  become  acquainted  with  the  characteristics  of  the  principal 
tissues  and  elements  which  enter  into  the  organisation  of  the  several 
•component  parts  of  vegetables.  He  should  acquaint  himself  with  the 
•characters  and  sti-ucture  of  cellular  tissue,  woody  fibre,  vascular  tissue, 
sclerous  tissue,  of  starch  gi'anides,  with  the  general  structure  of  roots 


860 


GENEBAL  SUMMAEY  OF  ADULTERATION. 


and  stems,  leayes,  flowers,  includino:  tlie  pollen,  and  particularly  -witk 
seeds.  He  -will  find  a  little  preliminary  study  of  vegetalale  anatomy 
facilitate  greatly  his  subsequent  and  more  special  enquiries. 

With  a  view  to  discover  whether  adulteration  is  practised  upon  any 
article,  and  the  extent  to  which  it  is  sophisticated,  or  whether  adul- 
teration prevails  extensively  in  any  town  or  locality,  it  is  necessary 
that  a  considerable  number  of  samples  should  be  obtained  and  exa- 
mined ;  that  these  should  be  procm-ed  without  the  knowledge  of  the 
vendor,  and  that  the  purchases  shotild  be  made  with  such  precautions, 
as  to  preclude  the  possibility  of  mistake ;  and  also  to  allow  of  the 
verilicatiou  of  the  samples  to  the  satisfaction  of  a  court  of  law. 

In  conducting  the  enquiries  relative  to  adulteration,  which  were 
published  for  so  many  years  in  the  '  Lancet,'  imder  the  title  of  '  The 
Analytical  Sanitary  Commission,'  the  following  method  was  pur- 
sued : — 

The  purchases  were  made  in  the  presence  of  -witnesses,  the  author 
himself — for  greater  seciu-ity,  and  knowing  well  the  fearful  responsi- 
bility which  rested  upon  him — accompanying  the  pm-chasers  on  all 
occasions.  Immediately  that  any  article  was  thus  obtained,  the  names 
of  the  sellers  and  of  the  buyers  were  placed  upon  it,  the  date  of  the 
pm-chase,  and  the  price  paid  for  it.  Subsequently  each  sample  was 
subjected  to  careful  microscopical  and  chemical  examination,  the  results 
of  the  analysis  being  written  on  the  package  and  subsequently  published 
from  time  to  time  in  the  '  Lancet,'  together  with  the  names  and  ad- 
dresses of, the  merchants  or  traders  from  whom  the  purchases  were 
made. 

The  publication  of  the  several  reports,  which  for  a  long  time 
came  out  almost  weekly,  extended  over  a  period  of  several  years,  and 
although  the  names  of  between  two  and  three  thousand  traders  were 
thus  made  known,  in  one  case  only  were  any  legal  proceedings  re- 
sorted to,  and  even  in  this  single  instance  the  action  was  abandoned 
at  an  early  date,  without  any  acknowledgment  being  made  of  error 
having  been  committed. 

We  are  disposed  to  rely  more  upon  the  regular  publication  of 
the  names  and  addresses  of  those  whose  goods  have  been  analysed 
for  the  suppression  of  adulteration  than  upon  any  other  means,  in 
consequence  of  the  excellent  effects  which  have  undoubtedly  resulted 
from  their  publication  in  the  '  Lancet.'  So  great  has  been  the  efi'ect 
of  this  publication,  combined  with  the  greater  facilities  which  now 
exist  for  the  detection  of  adulteration,  and  the  disclosures  made  be- 
fore Parliamentary  Committees,  that  we  are  of  opinion  that  not  one- 
twentieth  part  of  the  adulteration  now  prevails,  in  the  metropolis 
at  least,  as  at  the  time  wlieu  the  reports  of  '  The  Analytical  Sanitary 
Commission'  first  appeared.  In  some  articles  the  improvement _ is 
manifest  to  the  eye  alone,  as  in  the  red  sauces,  pickles,  bottled  fruits 
and  vegetables,  and  coloured  sugar  confectionery. 
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The  followino-  remarks,  in  reference  to  the  puhlication  of  the  names 
of  traders  in  the  'Lancet,'  and  the  effect  produced  by  the  microscope, 
appeared  in  the  'Quarterly  Keview '  for  March,  1855,^m  a  notice  of  the 
,  author's  work,  entitled  '  Food  and  its  Adulterations 

'  ^  o-un  suddenly  fired  into  a  rookery  could  not  cause  a  greater 
commotbn  than  did  this  publication  of  the  names  of  dishonest  trades- 
men :  nor  does  the  daylioOit,  when  you  lift  a  stone,  s  ar  le  ugly  and 
0  ithsorae  tliino-s  more  \m<MY  than  the  pencil  oi  ight,  streaming 
IwT  a  qiarter-inch  lens,  surprised  in  their  natiye  ugliness  the 
thousand  and  one  illegal  substances  which  enter  more  or  less  into  eyery 
Ascription  of  food  which  it  will  pay  to  adulterate.  Nay,  to  such  a 
pitch  k  refinement  has  the  art  of  fabrication  of  ahmentary  substances 
reached  that  the  yery  articles  used  to  adulterate  are  themselves  adul- 
terated; and  while  one  ti-adesman  is  picking  the  pockets  of  his  cus- 
tomers, a  still  more  cunning  rogue  is,  unknown  to  himself,  deep  m 

■"^^^  To  °"ummarise  the  preceding  remarks,  therefore,  we  would  observe 
that  for  the  discovery  of  adulteration  we  must  have  recourse  to  both 
chemistry  and  the  microscope,  and  must  examine  a  sufBcieut  number 
of  samples  obtained  by  maHng  pm-chases  at  shops  m  the  ordinary 
way ;  but  for  ita  prevention  when  discovered  recoiurse  must  be  had 
to  the  pimishment  of  the  offenders. 

Sale  of  Food  and  Drugs  Act. 

No  punishment  can  be  more  effectual  than  the  publication  of  the 
names  and  addresses  of  the  adulterating  tradesmen  or  merchants;  but 
-we  must  also  put  in  operation  the  means  which  the  legislature  has 
now  placed  at  our  disposal  for  the  suppression  of  adulteration.  jSo 
less  than  thi-ee  Acts  have  been  passed  dealing  with  the  question  of 
the  adulteration  of  food  and  drugs.  The  first  of  these,  '  An  Act  for 
Preventing  the  Adulteration  of  Articles  of  Food  or  Drink,'  came  into 
operation  in  1860,  and  was  the  result  of  a  Parliamentary  enquiry, 
under  the  chairmanship  of  the  late  m.  Scholefield,  in  1855.  This 
was  a  very  inefficient  measui-e,  and  was  found  to  be  quite  use- 
less; we  do  not  remember  to  have  ever  heard  of  a  prosecution 

^^'^'^The  "second  Act,  entitled  '  An  Act  to  Amend  the  Law  for  the  Pre- 
vention of  Adidteration  of  Food  and  Drink  and  of  Drugs,'  was  passed 
in  1872.  This  was  also  a  very  inefficient  Act,  but  one  which,  owing 
mainly  to  the  interpretation  put  upon  one  of  its  clauses  by  the  judges, 
wlio  laid  down  the  sound  rule  that  the  seller  of  an  article  ought  to 
liave  a  knowledge  of  its  composition,  and  should  know  Avhether  it 
was  pm-e  or  adulterated,  yet  exerted  a  very  beneficial  efi^ct.  Under 
it  many  prosecutions  and  convictions  took  place,  so  that  manufacturers 
and  traders,  finding  that  it  really,  in  some  cases  at  all  events,  reached 
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them,  prew  very  wroth,  and  handed  themselves  together  in  order  to 
get  the  Act  repealed.  In  this  eudeavonr  they  have  been  hut  too 
successful.  They  obtained  the  appointment  of  another  Parliamentary 
Committee,  hefoi-e  wliom  a  very  one-sided  enquiry  took  place,  which 
has  resulted  in  the  passing  of  '  The  Sale  of  Food  and  Drugs  Act,' 
beino-  '  An  Act  to  Kepeal  the  Adulteration  of  Food  Acts,  and  to. 
mahe  better  provision  for  the  Sale  of  Food  and  Drugs  iu  a  Pure 
State.' 

The  Act  in  question  will  he  found  printed  at  the  end  of  the  volume, 
aud  we  "ndU  now  proceed  to  criticise  its  provisions. 

Clause  3  proAides  that  *'  No  person  shall  mix,  colom*,  stain,  or 
powder,  or  order  or  permit  any  other  person  to  mix,  colour,  stain  or 
powder  any  article  of  food  with  any  ingredient  or  material  so  as  to 
render  the  "article  injurious  to  health,  with  intent  that  the  same  may 
he  sold  in  that  state ;  and  no  person  shall  sell  any  such  article  so 
mixed,  coloured,  stained  or  powdered,  under  a  penalty  in  each  case  not 
exceeding  fifty  pounds  for  the  first  offence  ;  every  offence  after  a  con- 
viction for  a  first  offence  shall  he  a  misdemeanour,  for  which  the 
person  on  con^-iction  shall  he  imprisoned  for  a  period  not  exceeding 
six  months  with  hard  labour.'  • 

Here  is  a  clause  in  which  lawyers  will  delight,  as  it  will  be  the- 
fruitful  cause  of  future  litigation.  There  is  no  attempt  made  to  define, 
what  constitutes  injiu-ious  admixtm-e.  Everybody  must  foi-ui  their  own 
conclusions  on  the'  matter  as  best  they  may.  These  will  often  he 
erroneous,  mistali'en  prosecutions  will  frequently  he  instituted  at  great 
cost  and  labour,  and  to  the  bitter  disappointment  of  those  concenied 
in  them.  It  would  have  been  quite  easy  to  define  what  really  consti-' 
tutes  injurious  admixture.  Will  the  coloration  of  gi-een  tea,  or  the 
presence  of  alum  in  bread,  or  the  admixtm-e  of  water  vrith  milk  be 
deemed  admixtures  injurious  to  health  under  this  clause?  That  the 
first  adulteration— we  beg  pardon,  the  obnoxious  word  is  foreigii  to 
this  Act  and  does  not  once  occur  in  it— that  the  first  practice  is  m 
some  cases  inim-ious  is  unquestionable,  and  that  the  two  latter  are  so, 
the  one  directly  and  the  other  indirectly,  hy  depriving  the  article  of 
its  full  nutritious  properties,  is  equally  certain,  hut  these  are  just  cases 
in  which  the  opinions  of  even  scientific  men  will  be  found  to  differ, 
and  douhtless  those  of  our  magistrates  and  judges  also.  For  our- 
selves, we  should  be  very  sorry  to  incur  the  responsibility  of  advising 
prosecutions  under  this  clause  in  the  cases  named. 

By  clause  5  it  is  '  Provided,  that  no  person  shall  be  bahle  to  he 
con\-icted  under  either  of  the  two  last  foregoing  sections  of  this  Act, 
in  respect  to  the  sale  of  anv  article  of  food  or  of  any  drug,  it  he 
shows  to  the  satisfaction  of  the  .Justice  or  Court  before  whom  he  is 
charged  that  he  did  not  know  of  the  article  of  food  or  drug  sold  bv 
him  being  so  mixed,  colom-ed,  stained  or  powdered,  as  m  either  of 
those  sections  mentioned,  and  that  he  could  not  with  reasonable  dili- 
gence have  obtained  that  knowledge.' 


GENE  UAL  SUMMAUT  OF  ADULTERATION. 


863. 


By  this  clause,  the  principle  laid  down  by  our  Judges  m  the  cases 
Wht  before  them  under  the  Adidteration  Act  of  18/  2  that  the 
vendor  of  auv  known  and  recogaised  article  of  food  should  be  held 
to  have  a  knowledge  of  its  nature  and  composition  is  abolished,, 
Zi  the  prosecutor  must  prove  that  the  vendor  actually  knew  at  the- 
time  of  the  sale  that  the  article  was  treated  in  one  or  other  of  the  - 
ways  described  in  clause  3,  or  that  he  could  with  reasonable  diligence 
have  obtained  that  knowledge.  „    ,  ^  4.     c  n 

A°ain  who  is  to  be  the  judge  of  what  constitutes  'reasonable 
dilioencep''  Here  again  is  one  of  those  uncertain  phrases  in  which 
lawyers  delight,  and  which  are  the  fiaiitful  parents  of  endless  legal 

proceedings.^  6  it  is  enacted  that '  No  person  shall  sell  to  the  prejudice- 
of  the  pm-chaser  any  article  of  food  or  any  drug-  which  is  not  ot  the- 
natm-e,  substance  and  quality  of  the  article  demanded  by  such  pui-- 
chaser  imder  a  penalty  not  exceeding  twenty  pounds.  Provided  that  an 
offence  shaU  not  be  deemed  to  be  committed  under  this  section  in  the- 

following  cases.'  , 
Mark  particularly  the  words  'to  the  prejudice  of  the  purchaser. 
It  would  appear  that  by  this  clause  articles  may  be  sold  not  of  the^ 
substance,  natm-e  and  quality  of  the  article  demanded  by  the  piu-- 
chaser  provided  the  seller  can  prove  that  the  purchaser  is  not  preju-. 
diced  thereby,  so  that  it  would  appear  possible  that  under  this  clause 
mixed  mustard,  coffee,  or  cocoa  might  be  sold  with  impunity  and 
without  any  acknowledgment  of  its  being  a  mixtm-e,  if  the  seller 
could  prove  that  the  purchaser  was  not  injured  lu  pocket  or  in  health 
bv  beino-  supplied  with  the  mixed  article.  Here,  again,  is  another 
doubt.  Who  is  to  determine  what  will  be  held  by  our  tribunals  to  be- 
to  the  prejudice  of  the  piu-chaser? 

The  exceptional  cases  refen-ed  to  are :—        _    _  ,    i  ,t.  i 

1  '  Where  any  matter  or  iugTedient  not  injurious  to  health  has- 
been  added  to  the  food  or  drug,  because  the  same  is  required  for  the 
production  or  preparation  thereof,  as  an  article  of  commerce  m  a  state- 
lit  for  caiTia"-e  or  consiunption,  and  not  fi-audulently  to  increase  the 
bullc,  weight'  or  measure  of  the  food  or  drug,  or  conceal  the  inferior 

qualitv  thereof.'  ,  r    xi  i 

This  exception,  too,  will  make  more  worlc  for  the  lawyers.  Who 
is  to  determine  what  is  required  for  the  production  or  preparation  of" 
an  article  of  commerce,  in  a  state  fit  for  can-iage  or  consiunption  ? 
The  manufacturers  of  cocoa  and  imistard  assert  that  sugar  and  starch 
in  the  one  case,  and  wheat  floiu-  and  timueric  in  the  other,  constitute-. 
'Teat  improvements,  and  are  not  added  fraudulently  to  increase  the- 
bulk,  weight  or  measure.  What  will  be  the  decision  of  oiu-  judges  m 
such  cases,  who  can  tell  ? 

4.  'Where  the  food  or  drug  is  unavoidably  mixed  with  some, 
extraneous  matter  in  the  process  of  collection  or  preparation.' 

More  doubts  and  difficulties.  Who  is  to  determine  what  constitutes- 
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•*  unavoidable  admixture  ? '  Will  the  earthy  matter  found  in  such  large 
■quantities  in  pepper  and  tea  he  deemed  an  unavoidable  admixtiu-e  or  not  ? 
Tliat  they  will  be  held  to  be  so  by  the  dealers  iu  those  articles  is 
unquestionable,  and  it  will  not  be  an  easy  matter  to  disprove  their 
■allegation,  although  the  fact  really  is  that  such  admixture  of  dirt 
may,  with  proper  care  and  precautions  in  the  collection  and  preparation 
■of  these  articles,  be  completely  a^'oided.  Carefullj-'-preparod  tea  and 
pepper  do  not  contain  any  extraneous  mineral  matter  wliatever,  or  at 
all  events  an  infinitesimal  amount.  This  exemption  offers  a  premium 
to  dirt  and  uucleauliness,  and  under  it  certain  Irinds  of  adulteration  will 
grow  up  and  increase.  Who  is  to  distinguish  whether  the  dirt  found 
in  the  pepper  and  the  tea  has  been  purposelj'-  added,  or  is  due  to  the 
■exposure  of  the  pepper  berries  and  the  tea  leaves  to  dust  and  wind  ? 

Again,  under  this  clause,  is  the  presence  of  copper  in  preserves  and 
jams  to  be  deemed  an  exception  ?  The  manufactm'ers  will  urge  that 
they  cannot  prepare  these  articles  in  copper  pans  without  then*  be- 
couiing  more  or  less  contaminated  with  copper.  This  is  to  some 
extent  true,  but  the  amount  of  contamination  depends  very  much 
upon  the  care  and  skill  with  which  the  articles  are  made.  But  the 
consmuer  might  maintain,  on  the  other  side,  that  vessels  other  than 
those  made  of  copper  should  be  employed  in  the  preservation  of  such 
;  articles. 

By  clause  7  '  No  person  shall  sell  any  compounded  article  of  food 
-or  compoimded  drug,  which  is  not  composed  . of  ingredients  in  ac- 
cordance with  the  demand  of  the  purchaser,  under  a  penalty  not 
•exceeding  twenty  pounds.' 

This  clause  applies  more  particularly  to  the  compounding  _  of 
medicines,  and  it  appears  to  have  but  little  importance  in  relation 
to  articles  of  food, 

By  clause  8  it  is  enacted  '  That  no  person  shall  be  guilty  of  any 
.such  offence  as  aforesaid  in  respect  of  the  sale  of  an  article  of  food  or 
•  a  drug  mixed  with  any  matter  or  ingredient  not  injurious  to  health 
:and  not  intended  fraudulently  to  increase  its  bullc,  weight,  or  measure, 
or  conceal  its  inferior  quality,  if  at  the  time  of  delivering  such  article 
or  drug  he  shall  supply  to  the  person  receiving  the  same  a  notice  by 
a  labef  distinctly  and  legibly  written  or_  printed  on  or  with  the  article 
-or  drug  to  the  effect  that  the  same  is  mixed.' 

This  clause  is  full  of  uncertainties.  Can  there  be  a  reasonable 
•doubt  or  question  but  that  the  large  quantities  of  wheat  flour  met  with 
in  mustard  and  of  sugar  and  starch  in  cocoa,  and  oftentimes  of  chicory 
in  coffee,  are  added  to  augment  the  profit,  and  that  the  turmeric^ as 
sometimes  emploved  to  conceal  the  inferior  quality  of  the  mustard  ?  Yet 
will  it  not  be  contended,  and  we  fear  successfully,  that  these  additions 
are  made  in  accordance  with  the  usages  of  trade  and  iu  obedience  to 
the  demands  of  the  public,  so  that  under  this  clause,  provided  only 
a  notice  of  its  being  a  mixtiure  be  given,  mustard,  cocoa,  and  coffee 
will  be  sold  as  heretofore  containing  but  very  little  of  any  of  the 
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substances  imder  the  names  of  which  they  are  supplied  to  the  public  P 
These  mixed  articles  will  still  be  sold  as  mustard,  cocoa,  and  coffee 
respectively.  Then  again,  what  protection  does  the  notice  or  label 
afford  to  those  who  cannot  read  ?  that  is  to  say,  to  many  of  the  poor, 
who  are  the  chief  sufferers  by  the  admixture  and  debasement  of  articles 
of  consumption  by  the  addition  of  inferior  and  comparatively  valueless 
substances.  Even  when  the  pm-chaser  can  read,  he  will  often  fail 
to  see,  in  the  hurry  of  the  pm-chase,  whether  the  package  bears  the 
label  or  not,  and  if  he  does  look  for  it  he  will  frequently  not  find 
it,  because  it  is  concealed  in  some  fold  of  the  paper  in  which  the 
article  is  enclosed. 

Clause  9  provides  that '  No  person  shall,  with  the  intent  that  the 
same  may  be  sold  in  its  altered  state  without  notice,  abstract  from 
an  article  of  food  any  part  of  it,  so  as  to  effect  injuriously  its  quality, 
substance  or  natm-e,  and  no  person  shall  sell  any  article  so  altered 
without  making  disclosm-e  of  the  alteration  under  a  penalty  in  each 
case  not  exceeding  twenty  pounds.' 

This  clause  is  evidently  fi-amed  with  a  view  to  meet  the  cases  of 
the  abstraction  of  the  fatty  matters  from  milk  and  cocoa,  the  Bill 
of  1872  not  containing  any  provision  for  such  cases. 

This  clause,  which  we  were  disposed  to  regard  as  one  of  considerable 
value,  has  akeady  been  rendered  inoperative.  In  a  case  recently  tried 
before  one  of  our  Metropolitan  Magistrates,  for  the  abstraction  of  a 
portion  of  the  cream  from  milli,  the  defence  set  up  was  that  the  milk 
sold  was  poor  in  cream  in  consequence  of  the  richer  portions  taken  from 
the  same  pan  having  been  previously  sold,  the  fatty  matter  of  course, 
in  obedience  to  the  law  of  gravity,  having  in  part  g-radually  risen  to 
the  surface.  This  defence  was  allowed  to  prevail,  the  prosecutor  having 
to  pay  the  costs. 

The  Act  contains  in  addition  special  clatises  relating  to  tea.  One 
of  these,  clause  30,  enacts  that  all  tea  imported  into  Great  Britain 
or  Ireland  shall  be  subject  to  examination  by  persons  to  be  appointed 
by  the  Commissioners  of  Customs  with  the  approval  of  the  Treasury, 
and  if  upon  such  examination  the  sample  should  '  be  found  to  be  mixed 
with  other  substances  or  exhausted  tea,  the  same  shall  not  be  delivered 
unless  with  the  sanction  of  the  said  Commissioners  and  on  such  terms 
and  conditions  as  they  shall  see  fit  to  direct,  either  for  home  con- 
sumption, or  for  use  as  ships'  stores,  or  for  exportation.  But  if  on 
such  inspection  and  analysis  it  shall  appear  that  such  tea  is  in  the 
opinion  of  the  analyst  imfit  for  human  food,  the  same  shall  be  for- 
feited and  destroyed  or  otherwise  disposed  of  in  such  manner  as  the 
Baid  Commissioners  may  direct.' 

The  examination  of  tea  in  bond  is  no  doubt  a  step  in  the  right 
direction,  but  supposing  that  notwithstanding  such  examination 
adulterated  samples  of  tea  are  yet  supplied  to  the  public,  the 
general  provisions  of  the  Sale  of  Food  and  Drugs  Bill  ought  still 
to  be  available.    Such  a  case  as  this  is  by  no  means  improbable, 
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and  it  is  even  quite  conceivable  tbat  tea  may  be  subjected  to 
certain  admixtures  and  additions  after  it  has  passed  the  Customs, 
and  such  cases  would  escape  punishment  altogether  were  it  not  that 
the  other  provisions  of  the  Act  could  be  brought  to  bear  upon  them. 

Ao-ain,  it  will  be  noticed  that,  in  the  case  of  admixture  being 
detected  by  the  analyst  appointed  by  the  Commissioners  of  Customs, 
the  rejection  of  the  article  is  not  to  follow,  except  the  tea  be 
'  unfit  for  human  food,'  but  the  Commissioners  are  to  be  at  liberty  to 
allow  of  its  being  used  either  for  home  consiunption,  or  as  ships' 
stores  or  for  exportation,  so  that  if  these  gentlemen  think  fit  the 
public  will  have  no  remedy,  but  will  be  obliged  to_  diink  those 
adulterated  teas  which  have  passed  the  Customs  examination,  or,  if 
this  is  not  allowed,  they  will  find  their  way  to  our  ships,  our  sailors 
beino- compelled  to  drink  such  teas,  or  lastly  our  colonies  or  depend- 
encies may  be  made  the  recipients  of  the  teas  which  the  Commissioners 
consider  to  be  too  bad  for  home  consumption. 

■  We  reo-ard  this  as  one  of  the  weakest  and  worst  clauses  of  the 
Bill.  Alf  teas  which  are  mixed  and  debased  should  be  rejected,  and 
the  Commissioners  ought  not  to  recognise  and  give  their  sanction  to 
difterent  degrees  of  debasement.  Under  this  clause,  if  a  tea  be  found 
to  be  mixed  with  lie  tea,  to  contain  sand  and  magnetic  oxide  of  iron, 
or  to  be  painted,  it  will  still  be  in  the  power  of  the  Commissioners  to 
allow  of  its  use  in  one  or  other  of  the  ways  above  pointed  out,  because 
the  analyst  will  in  most  cases  be  unable  to  declare  that  such  teas, 
inim-ed  and  debased  as  they  are,  are  '  unfit  for  human  food.' 

'  With  such  provisions  as  these  it  is  impossible  to  put  a  stop  to  the 
sophistication  of  tea,  which  now  prevails  to  so  great  an  extent  and  is 
practised  in  such  a  scandalous  manner. 

Clause  22 is  as  follows:-' The  justices  before  whom  any  com- 
plaint may  be  made,  or  the  court  before  whom  any  appeal  may  be 
heard  under  this  Act  may,  upon  the  request  of  either  party,  in  then- 
discretion  cause  any  article  of  food  or  drug  to  be  sent  to  the  Commis- 
sioners of  Inland  Revenue,  who  shall  thereupon  direct  the  chemical 
officers  of  their  department  at  Somerset  House  to  make  the  analysis, 
and  ffive  a  certificate  to  such  justices  of  the  result  of  the  analysis, 
and  the  expense  of  such  analysis  shall  be  paid  by  the  complainant  or 
the  defendant  as  the  justices  may  by  order  du-ect.' 

It  is  not  quite  clear  by  this  clause  whether  the  plamtifi^  or  delend- 
dant  is  at  liberty  in  disputed  cases  to  send  a  portion  of  the  article  m 
dispute  to  any  independent  analyst  either  may  select,  or  whether  it  is 
incumbent  upon  them,  if  another  chemical  analysis  be  required,  that 
it  should  in  all  cases  be  made  in  the  laboratory  ot  the  Inland  Revenue 
at  Somerset  House.  If  so,  it  appears  to  us  that  a  monstrous  injustice 
is  perpetrated  by  the  clause  in  question.  Hitherto  it  has  been  the 
custom  for  each  party  to  select  their  own  analyst,  and  there  are  some 
chemists  of  high  repute  and  unequalled  experience  m  such  cases  who 
have  hitherto  been  in  the  habit  of  being  referred  to.    Now  by  this 
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clause  they  are  deprived  of  the  just  fruits  of  the  labour  expended  in 
obtaining  their  reputation  in  this  special  department  of  analysis. 

The  Chemical  Department  of  the  Excise. 

This  brino-s  us  to  make  a  few  remarks  on  the  fitness  of  the  Excise 
Laboratory  at  Somerset  House  as  a  Court  of  Reference  in  such  cases. 

First  the  Excise  are  not  in  an  independent  position  ;  they  are  m 
Government  employment  and  pay,  and  will  necessarily  regard  _  things 
from  a  Governmental  point  of  view,  and  with  an  eye  to  seciu-ing  the 
Excise  duties  imposed. 

Next,  the  chemists  of  the  Excise  have  no  enlarged  or  general  ex- 
perience of  the  question  of  adulteration  at  all.  Their  duties  are  limited 
to  the  examination  of  duty-paying  articles  only,  and  with  all  other 
ai-ticles  they  have  nothing  whatever  to  do.  They  take  no  notice  of 
those  adulterations  which  are  simply  frauds  upon  the  consumer,  or 
which  are  detrimental  to  the  public  health.  They  do  not  interfere 
with  the  adulteration  of  drugs  unless  they  are  liable  to  a  duty,  nor  do 
they  interdict  the  use  of  poisonous  pigments  in  the  colom-ing  of  sugar 
confectiouerv  and  other  articles. 

Again,  they  have  aiforded  but  few  public  proofs,  so  far  as  we  are 
aware,  of  their  competence  for  the  duty  imposed  upon  them.  They 
may  now  be  quite  capable,  but  where  have  they  given  the  evidence  of 
special  competence  ?  It  might  have  been  expected  that  the  Chemical 
Department  of  the  Excise  would  have  furnished  the  public  with  much 
valuable  material  and  information  as  to  the  practice  of  adidteration  ; 
that  they  woidd  have  devised  many  new  and  simple  processes  for  its 
detection,  and  that  they  would  have  from  time  to  time  put  the  public  on 
their  guard  against  certain  adulterations  coming  more  particularly 
under  their  notice. 

Some  years  back,  when  the  author  first  took  up  the  subject  of  adul- 
teration, it  was  scarcely  possible  to  obtain  an  article  which  was  not  de- 
based and  adulterated,  and  whether  it  was  a  duty-paying  article  or  not, 
adulteration  was  everywhere  rife,  and  this  in  spite  of  the  Excise,  with 
its  '  4,000  inspectors  and  70  chemists.'  In  fact,  at  that  period  they 
were  notoriously  incompetent,  and  they  were  wholly  imacquainted 
with  the  use  of  the  microscope  in  the  detection  of  adulteration. 

Doubtless  they  are  now  better  informed,  but  having  regard  to  their 
past  history,  it  is  certainly  stiunge  that  this  body  should  have  been 
selected  as  a  Court  of  Reference.  At  one  time  it  was  intended  that 
the  analyses  made  in  the  Laboratory  at  Somerset  House  should  be  final 
and  binding  on  the  litigants,  but  this  last  intention,  we  are  glad  to 
see,  has  been  abandoned.  We  pointed  out  at  the  time,  the  absurdity 
of  insisting  that  any  analysis  should  be  accepted  as  final,  because 
however  competent  the  analyst  might  be,  mistakes  might  still  be  made, 
and  no  person  could  possibly  be  condemned  on  the  report  of  one 
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analyst,  whoever  he  might  he,  if  his  statements  could  he  proved  to  he 
erroneous  hy  the  testimony  of  other  analysts. 

Some  idea  of  the  manner  in  which  the  Excise  performed  its  analy- 
tical duties  at  the  time  to  which  we  have  already  referred,  and  how 
far  it  then  protected  the  revenue  from  loss  through  adulteration, 
may  he  gathered  from  the  foUovdng  few  particulai-a. 

The  article  tea  was  then  suhject,  as  it  still  is,  to  considerahle  adul- 
teration, while  the  extent  to  which  the  puhlic  were  defrauded  in  cofee 
and  cocoa  is  notorious ;  they  were  also  largely  defrauded  in  pepper, 
spirits,  and  tohacco,  as  is  proved  hy  the  following  results  of  analyses 
of  those  articles  as  supplied  to  the  public,  and  as  reported  upon  in  the 

'  Lancet.'  j  <•  n 

Of  numerous  samples  of  hlack  and  white  papper  analysed,  luUy  one 
half  were  adulterated  with  ground  rice,  pea-flour,  wheat-flour,  linseed 
meal,  and  mustard  husk. 

Of  thirtv-eight  samples  of  gin  examined,  a  very  large  proportion 
were  adulterated,  some  of  theni  heing  reduced  in  strength  one-half, 
while  seven  of  them  contained  cayenne  pepper.  The  same  was  the 
case  with  rum  and  brandy. 

Of  forty-three  diflerent  swm/s  examined,  nearly  all  were  adulterated, 
the  adulterating  ingredients  used  heing,  for  the  most  part,  salt,  alka- 
lies, silica,  red  and  yellow  ochre,  red  lead,  chromate  of  lead,  and 
chromate  of  potash.  .         j.  j 

The  Excise,  then,  at  the  period  alluded  to,  had  most  signally  taxied 
in  its  principal  duty— namely,  the  protection  of  the  revenue  against 

adulteration.  j.  -i  j  •  4.u  + 

One  reason  why  the  chemists  of  the  Inland  Revenue  failed,  is  tliat 
they  did  not  sufficiently  employ  the  resources  of  science  for  the  dis- 
covery of  adulteration:  they  relied  too  much  upon  the  informa- 
tion of  Excise  inspectors,  and  too  little  upon  science,  upon  the  resources 
of  chemistry,  and  more  especially  upon  a  knowledge  ot  vegetable 
structure,  as  revealed  to  the  competent  observer  hy  means  ot  tne 

microscope.  ^    .    ,      r  4.1, 

From  not  employing  science  enough,  the  Excise  has,  lor  the  most 
part,  in  order  to  discover  evidence  of  adulteration,  been  driven  to 
adopt  a  system  of  espionage,  and  to  the  rude  and  inquisitorial  pro- 
ceeding of  entering  forcibly  upon  suspected  premises,  and  ot  seizing 
any  adidterated  articles  or  substances  employed  in  adulteration,  ana 
which,  perchance,  they  might  find  in  the  course  of  their  search,  ine 
method  adopted  by  'The  Lancet'  Commission  was  in  stritong 
contrast  to  this.  It  simply  purchased  the  different  articles  as  so  d  m 
the  ordinary  way  of  business,  and  appHed  to  their  analyses  all  tne 
resources  of  science,  especially  the  microscope.  By  this  proceeci- 
ing  it  was  not  necessary,  as  in  the  case  of  the  Excise,  to  iramtam 
an  army  of  '  4,000 '  inspectors,  neither  was  it  requisite  to  search  tne 
shop,  warehouse,  manufactory,  or  even  the  private  dweUmg  ol  ma 
occupants.  ^ 


1 


GENERAL  SUMMARY  OF  ADULTERATION.  869 

By  tlie  method  we  adopted  we  were  led  to  the  discovery  of  a  var- 
iety of  chemical  adidteration^  of  which  the  Excise  possessed  no 
1   •    ^  A^T.       it  WIS  in  respect  to  the  use  of  the  microscope,  in 
as^n  ns«t  fof  the  discovery  of  adulteration  that  its 
parncmtu,  aa  ,      ,-        nf  this  icrnorance  it  has  itselt 

Lowledg-e  was  t^^^,  ^g^^^^^  repeated  remon- 

Sher  bv  chemistry  nor  by  any  other  means  was  the  adulteration  of 
neitner  '^J/^^^y^  \  .  detected  This  statement  was  made  on  the 
'tth  of  atplViJed  at  the  instance  of  the  Excise,  from  thi-ee 
Smos  diS^-'^^^^^^^^^^  °^the  day;  the realfact  atthe same 
W  bSnS  that  nothing  is  more  easy  or  certain  than  the  discovery  of 
aditektion  in  question  by  means  of  the  microscope.  Fm-ther 
we  have  within  the  lit  few  years  brought  to  light,  with  the  aid  of  the 
Sscope,  himdreds  of  adulterations,  the  existence  of  which  was 
ntterlv  unknown  to  the  Excise.  _  »  ,  i ,     .  • 

We  l7arn  from  the  Report  of  the  Select  Committee  on  Adulteration, 
that  '  in  addition  to  about  4,000  officers  scattered  over  the  country,  the 
kaKl  (of  Excise)  employs  about  sixty  to  seventy  analytical  chemists 
Xse  numbers  are  recruited  by  students  educated  for  the  P^^fpose  at 
University  OoUege,  to  the  mmiber  of  fourteen  m  every  year.  Why, 
C  is  a  whole  army  of  inspectors  and  analysts!  With  such  huge 
machineiT  as  this,  the  wonder  is  that  adidteration  should  exist  m  any 
degree,  much  less  that  it  should  be  so  prevalent ! 

The  onlv  other  pomt  in  connection  with  the  Act  which  it  is 
necessary  to  notice  is,  that  the  form  of  Certificate  prescribed  renders  it 
necessaiT  that  the  analyses  of  the  articles  submitted  to  the  ana-lyst 
shoidd  be  quantitative.  By  the  Act  of  1872  he  had  smiply  to  make  a 
general  or  qualitative  statement  as  to  their  composition.  Of  course  a 
quantitative  analysis  is  much  more  difficult,  and  requnres  greater  sMl 
and  occupies  longer  time  ;  hence  analysts  should  be  more  hberallypaid 
under  this  than  the  former  Act.  .^i  ^i      i,-  4 

As  was  the  case  with  the  Act  of  1872,  which  dealt  with  the  subject 
of  adulteration,  so  it  will  be  with  the  present  Act.  The  efficacy  of  the 
former  Act  resulted  in  great  part  from  the  interpretation  put  upon  it 
bv  the  iud<-es,  and  so  it  must  be  with  the  present  measure,  which  is  ob- 
viously full  of  uncertainties,  and  much  will  therefore  depend  upon  the 
decision  of  the  tribunals  before  whom  prosecutions  under  it  are  heard. 
It  is  in  our  iudgment  a  very  feeble  measiu-e,  framed  to  a  large 
extent  in  the  interest  of  traders  and  manufactiirers,  and  not  m  those 
of  the  public.  Taking  it  altogether,  it  is  inferior  to  the  Act  of  1872, 
which  it  supersedes.  It  seems  to  us  that  the  simplest  and  best  course 
to  have  taken  would  have  been  to  have  modified  that  Act,  and  not  to 
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have  abolished  it  altogether,  and  to  have  suhstituted  for  it  somethino' 
very  much  inferior.  ° 

A  reluctance  is  expressed  in  some  quarters  to  grapple  with  the 
giant  evil  of  adulteration  from  the  fear  lest  it  should  interfere  with, 
and  impose  restrictions  on,  trade.  This  fear  we  believe  to  be  ground- 
less ;  and  even  if  there  were  some  foimdatiou  for  it,  yet  it  ought  not 
to  be  allowed  to  prevail  against  what  om*  consciences  tell  us  to  be 
right.  Trade  is  one  thing,  debasing  and  poisoning  om-  food  another. 
Surely  there  is  no  necessary  connection  between  the  two ;  and  if 
connected,  the  sooner  the  connection  is  severed  the  better  on  all  grounds, 
and  especially  will  it  be  to  the  advantage  of  trade  itself.  We  main- 
tain, however,  that  the  connection  which  now  exists  is  entirely  im- 
natm'al,  that  it  has  sprung  up  imder  a  careless  and  loose  state  of 
things,  and  that  it  is  the  duty  of  the  State  to  interpose  its  authoiity 
for  the  prevention  of  adulteration. 

Now  it  should  be  clearly  imderstood  that  it  is  not  necessary  for  the 
suppression  of  adulteration  that  restrictive  measiu-es  should  be 
resorted  to,  calculated  to  interfere  with  trade  or  to  impede  the 
liberty  of  the  subject,  beyond  those  already  in  existence ;  indeed, 
some  of  the  restrictions  now  in  force,  and  interference  at  present 
practised,  might,  under  a  better  organisation,  be  discontinued. 

Let  us  recall  to  mind  the  powers  aheady  confen-ed  for  the  suppres- 
sion of  the  adulteration  of  excisable  articles.  The  Excise  is  at  liberty  to 
enter,  by  force,  upon  any  premises  where  the  adulteration  of  an  excise- 
able  article  is  suspected  to  be  carried  on,  or  where  adulterated  goods 
are  supposed  to  be  deposited ;  the  adulterators  or  sellers  of  adulterated 
articles  may  be  apprehended,  punished  by  fines,  which  are  sometimes 
very  hea-vy,  or  imprisonment ;  all  the  adulterated  articles  may  be  confis- 
cated, as  well  as  the  implements  employed  in  their  preparation.  The 
Board  may  lock  up  a  manufactm'er's  premises,  taking  the  keys  away, 
even  when  he  is  not  practising  adulteration,  and  it  may  conti'ol  the 
processes  of  manufacture  therein  pm'sued.  Here  is  interference  with 
the  freedom  of  trade  and  the  liberty  of  the  subject  with  a  vengeance ! 

Again,  magistrates  or  peace  officers,  by  warrant,  under  the  Bread 
Act,  may  search  any  premises  and  seize  any  adulterated  flom-  or 
bread,  search  for  any  forbidden  ingredient,  inflict  the  penalties  of  fine 
and  imprisonment ;  and  lastly,  they  may  publish  the  names  of  the 
oflenders. 

To  prevent  smuggling — an  offence  which,  in  its  effects  upon  the 
revenue,  is  allied  to  adulteration — a  large  force,  armed  to  the  teeth,  is 
stationed  all  around  the  coasts  of  these  islands:  it  may  seize  the 
smuggler,  and,  if  he  resist,  kill  him  ;  or  it  may  take  his  conti-aband 
goods  from  him,  and,  on  conviction,  cast  him  into  prison.  Plere, 
again,  is  interference  with  the  liberty  of  the  subject ;  and,  remember, 
in  smuggling,  the  revenue  only  is  defrauded,  and  but  little  is  thought 
of  public  health  or  morality. 

Lastly,  recall  to  mind  the  powers  exercised,  and  properly  so,  in  the 


GENERAL  SUMMARY  OF  ADULTERATION.  871 

cases  of  tad  or  diseased  meat,  and  of  short  weights  and  measures, 
which  be  it  iSown,  often  go  along  with  adidteration.  In  snch  cases 
rhe  e  is  the  power  of  entering  npon  suspected  premises  of  seizing  and 
confisJadng^the  articles,  and  of  punishing  the  wrongdoers  by  hne  or 

^"TmTbe  inquired,  how  comes  it  that,  with  such  powers  of  re- 

desuetde    What  concerns  everybody,  what  is  everybody's  business, 
bSomes   n  fact,  according  to  the  old  adage,  nobody's  business.  ^ 
TTe  cries  of 'freedom  of  ti-ade'  and  'the  hberty  of  the  subject 
connection  with  adulteration,  are  in  reality  immeaning  terms,  used 
biXrs  to  frighten  the  timid  and  to  throw  the  pnbhc  off  their 


in 

as  uiig 
guard. 


In  legislating  upon  the  subject  of  adidtera,tion,  it  &bonld  be  re- 
membered that  the  seller  is  frequently  as  much  a  Pf  ^  ^o  adulteia- 
tioTas  the  actual  adidterator.    This  is  show  by  the 
buys  articles  at  prices  at  which  he  knows  it  is  imposs  ble  that  they 
can  be  Snuine.^  Again,  it  should  be  recollected  that  it  is  often  the 
Xest^  of  the  seller  to  screen  the  adulterating  wholesale  merchant 
or  manufacturer,  he,  in  many  cases,  being  largely  m  his  debt,  in 
the^miSe  of  the  publication  of  the  reports  of  'The  Lancet  Sanitary 
CoiTSsTon'  we  met  with  several  cases  in  wMch  the  seller  prefeii-ed 
to  incur  the  risk  consequent  upon  the  publication  of  his  name, 
rXr  than  divulge  the  names  of  the  parties  by  whom  he  was 
'Cued     TSe\eUer,  therefore,  must  not  be  let  off  too  easily, 
especially  when  he  attempts  to  screen  the  perpetrator  of  adulteration. 
^  We  cannot  more  appropriately  conclude  this  Summary  than  in 
the  foUowing  words,  taken  fi-om  a  very  able  article  on  the  authors 
book  entitied  '  Food  Lnd  its  Adulterations,'  contained  m  the  '  Q^^arterly 
Preview'— 'We  have  now  shown  enough  to  convince  the  public  that 
the  oTossest  fraud  reigns  throughout  the  British  public  comimssanat 
"  It  remains  to  be  seen  whether  the  Government^  is  able  and 
WiUintr  to  stay  this  gigantic  evil  and  national  dishonour. 
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Prohibition 
of  the  mix- 
ing of  inju- 
rious ingre- 
dients, and 
of  selling  the 
same. 


Prohibition 
ot  the  mix- 
ing of  drugs 
with  inju- 
rious ingre- 
dients, and 
of  selling  the 
same. 


Exemption 
in  case  of 
proof  of 
absence  of 
knowledge. 


Prohibition 
of  the  sale  of 
articles  of 
food  and  of 
drugs  not  of 
the  proper 
nature,  sub- 
stance, and 
quality. 


Description  of  Offences. 

3.  No  person  shall  mix,  colour,  stain,  or  powder,  or  order  or 
permit  any  other  person  to  mix,  colour,  stain,  or  powder,  any  article 
cf  food  with  any  ingredient  or  material  so  as  to  render  the  article 
injurious  to  health,  with  intent  that  the  same  may  be  sold  in  that 
state,  and  no  person  shall  sell  any  such  article  so  mixed,  coloured, 
stained,  or  powdered,  under  a  penalty  in  each  case  not  exceeding 
fifty  pounds  for  the  first  offence  ;  every  offence,  after  a  conviction 
for  a  first  oflJence,  shall  be  a  misdemeanour,  for  which  the  person,  on 
conviction,  shall  be  imprisoned  for  a  period  not  exceeding  six 
months  with  hard  labour. 

4.  No  person  shall,  except  for  the  purpose  of  compounding  as 
hereinafter  described,  mix,  colour,  stain,  or  powder,  or  order  or 
permit  any  other  person  to  mix,  colour,  stain,  or  powder,  any  drug 
with  any  ingredient  or  material  so  as  to  afiect  injuriously  the 
quality  or  potency  of  such  drug,  with  intent  that  the  same  may  be 
sold  in  that  state,  and  no  person  shall  sell  any  such  drug  so  mixed, 
coloured,  stained,  or  powdered,  under  the  same  penalty  in  each  case 
respectively  as  in  the  preceding  section  for  a  first  and  subsequent 
offence. 

5.  Provided  that  no  person  shall  be  liable  to  be  convicted  under 
either  of  the  two  last  foregoing  sections  of  this  Act  in  respect  of  the 
sale  of  any  article  of  food,  or  of  any  drug,  if  he  shows  to  the  satis- 
faction of  the  justice  or  court  before  whom  he  is  charged  that  he  did 
not  know  of  the  article  of  food  or  drug  sold  by  him  being  so  mixed, 
coloured,  stained,  or  powdered  as  in  either  of  those  sections  men- 
tioned, and  that  he  could  not  with  reasonable  diligence  have  obtained 
that  knowledge. 

6.  No  person  shall  sell  to  the  prejudice  of  the  purchaser  any 
article  of  food  or  any  drug  which  is  not  of  the  nature,  substance, 
and  quality  of  the  article  demanded  by  such  purchaser,  under  a 
penalty  not  exceeding  twenty  pounds ;  provided  that  an  ofiFence  shall 
not  be  deemed  to  be  committed  under  this  section  in  the  following 
cases  ;  that  is  to  say, 

(1.)  Where  any  matter  or  ingredient  not  injurious  to  health  has 
been  added  to  the  food  or  drug  because  the  same  is  re- 
quired for  the  production  or  preparation  thereof  as  an 
article  of  commerce,  in  a  state  fit  for  carriage  or  consump- 
tion, and  not  fraudulently  to  increase  the  bulk,  weight, 
or  measure  of  the  food  or  drug,  or  conceal  the  inferior 
quality  thereof ; 

(2.)  Wliere  the  drug  or  food  is  a  proprietary  medicine,  or  is  tl"6 
subject  of  a  patent  in  force,  and  is  supplied  in  the  stat« 
required  by  the  specification  of  the  patent ; 

(3.)  Where  the  food  or  drug  is  compounded  as  in  this  Act  men- 
tioned ; 

(4.)  Where  the  food  or  drug  is  imavoidably  mixed  with  some 
extraneous  matter  in  the  process  of  collection  or  prepa- 
ration. 
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7  No  person  shall  sell  any  compound  article  of  food  or  com- 
pounded" r^which  is  not  opposed  of  ^^^^^  not^'lZIZ 
with  the  demand  of  the  purchaser,  under  a  penalty  not  exceeaing 

twenty  pounds. 

8.  Provided  that  no  person  ^'-^^  be  guilty  of  anyjh  offen^^^ 

article  or  drug,  to  the  effect  that  the  same  is  mixed. 

9.  No  person  shall,  with  the  intent  that  the  same  '^^J  «7  ;° 
its  altered  state  without  notice,  abstract  from  an  article  of  food  any 
Jart  of  it  so  as  to  aiFect  injuriously  its  quality,  substance,  or  nature, 
and  no  person  shall  sell  any  article  so  altered  without  making  dis- 
closure of  the  alteration,  under  a  penalty  in  each  case  not  exceeding 
twenty  pounds. 

AppoinM  and  Duties  of  Analysts,  and  Proceedinffs  to  obtain 

Analysis. 

10.  In  the  city  of  London  and  the  liberties  thereof  the  Commis- 
sioner; of  Sewers^  of  the  city  of  London  and  the  liberties  thereof 
and  in  all  other  parts  of  the  metropolis  the  vestries  and  district  board^^ 
acting  in  execution  of  the  Act  for  the  better  local  management  of 
the  metropolis,  the  court  of  quarter  sessions  of  every  county^  and 
the  town  council  of  every  borough  having  ^  ^^Pf^fte  court  of 
quarter  sessions,  or  having  under  any  general  or  local  Act  of  Parlia- 
ment or  otherwise  a  separate  police  establishment,  may,  assoon  as 
convenient  after  the  passing  of  this  Act,  where  no  appointment  h.B 
been  hitherto  made,  and  in  aU  cases  as  and  when  vacancies  in  the 
office  occur,  or  when  required  so  to  do  by  the  Local  Government 
Board!  shall,  for  their  respective  city,  districts,  counties,  or  boroughs, 
appoint  one  or  more  persons  possessing  competent  knowledge,  skill 
and  experience,  as  analysts  of  all  articles  of  food  and  cl-g« 
within  the  said  city,  metropolitan  districts,  ^J'^^g;^' 
and  shall  pay  to  such  analysts  such  remuneration  as  shall  be  mutu- 
aUy  agreed  upon,  and  may  remove  him  or  them      they  s^a  1  d  e™ 
proper ;  but  such  appointments  and  removals  shall  at  all  times  be 
rbject  to  the  approval  of  the  Local  Government  Board,  who  may 
require  satisfactory  proof  of  competency  to  be  s'lPPlied  to  them 
and  may  give  their  approval  absolutely  or 

the  period  of  the  appdntment  and  remova  ,      otherwise:  Provided 
that  no  person  shall  hereafter  be  appointed  an  analyst  for  any 
place  under  this  section  who  shall  be  engaged  directly  o^;>;J';^^t^y 
in  any  trade  or  business  connected  with  the  sale  of  food  or  drugs  in 

''""in ^Scotland  the  like  powers  shall  bo  conferred  and  the  like 
duties  shall  be  imposed  upon  the  commissioners  of  supply  at  their 
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Town  coun- 
cil of  a 
borough 
may  engage 
tlie  analyst 
of  another 
borough  or 
of  the 
county. 

Power  to 
purchaser  of 
an  article  of 
food  to  have 
it  analysed. 


OfBcer 
named  to 
obtain  a 
sample  of 
food  or  drug 
to  submit  to 
analysis. 


Provision 
for  deaUng 
with  the 
sample  when 
purchased. 


ordinary  meetings  for  counties,  and  the  commissioners  or  boards 
of  police,  or  where  there  are  no  such  commissioners  or  boards,  upon 
the  town  councils  for  boroughs  within  their  several  jurisdictions- 
provided  that  one  of  Her  Majesty's  Principal  Secretaries  of  State  in 
Scotland  shall  be  substituted  for  the  Local  Government  Board  of 
England. 

In  Ireland  the  like  powers  and  duties  shall  be  conferred  and 
imposed  respectively  upon  the  grand  jury  of  every  county  and  town 
council  of  every  borough;  provided  that  the  Local  Government 
Board  of  Ireland  shall  be  substituted  for  the  Local  Government 
Board  of  England. 

1 1 .  The  town  council  of  any  borough  may  agree  that  the  analyst 
appointed  by  any  neighbouring  borough  or  for  the  county  in  which 
the  borough  is  situated,  shall  act  for  their  borough  during  such  time 
as  the  said  council  shall  think  proper,  and  shall  make  due  pro-\asion 
for  the  payment  of  his  remuneration,  and  if  such  analyst  shall  con- 
sent, he  shall  during  such  time  be  the  analyst  for  such  borough  for 
the  purposes  of  this  Act. 

12.  Any  purchaser  of  an  article  of  food  or  of  a  drug  in  any 
place  being  a  district,  county,  city,  or  borough  where  there  is  any 
analyst  appointed  under  this  or  any  Act  hereby  repealed  shall  be 
entitled,  on  payment  to  such  analyst  of  a  sum  not  exceeding  ten 
shillings  and  sixpence,  or  if  there  be  no  such  analyst  then  acting 
for  such  place,  to  the  analyst  of  another  place,  of  such  sum  as  may 
be  agreed  upon  between  such  person  and  the  analyst,  to  have  such 
article  analysed  by  such  analyst,  and  to  receive  from  him  a  certi- 
ficate of  the  result  of  his  analysis. 

13.  Any  medical  officer  of  health,  inspector  of  nuisances,  or  in- 
spector of  weights  and  measures,  or  any  inspector  of  a  market,  or 
any  police  constable  under  the  direction  and  at  the  cost  of  the  local 
authority  appointing  such  officer,  inspector,  or  constable,  or  charged 
with  the  execution  of  this  Act,  may  procure  any  sample  of  food  or 
drugs,  and  if  he  suspect  the  same  to  have  been  sold  to  him  contrary 
to  any  provision  of  this  Act,  shall  submit  the  same  to  be  analysed 
by  the  analyst  of  the  district  or  place  for  which  he  acts,  or  if  there 
be  no  such  analyst  then  acting  for  such  place,  to  the  analyst  of 
another  place,  and  such  analyst  shall,  upon  receiving  payment  as  is 
provided  in  the  last  section,  with  all  convenient  speed  analyse  the 
same  and  give  a  certificate  to  such  officer,  wherein  he  shall  specify 
the  result  of  the  analysis. 

14.  The  person  purchasing  any  article  with  the  intention  of  sub- 
mitting the  same  to  analysis  shall,  after  the  purchase  shall  have 
been  completed,  forthwith  notify  to  the  seller  or  his  agent  selling 
the  article  his  intention  to  have  the  same  analysed  by  tlie  pubhe 
analyst,  and  shall  offer  to  divide  the  article  into  three  parts  to  be 
then  and  there  separated,  and  each  part  to  be  marked  and  sealed  or 
fastened  up  in  such  manner  as  its  nature  will  permit,  and  shall, 
if  required  to  do  so,  proceed  accordingly,  and  shall  deliver  one  of 
the  parts  to  the  seller  or  his  agent. 
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H.  .h.n  .f..™as  ,«.in  o™  of  tje  J^^J"*  Jfj^tX""; 

parisou  and  submit  the  third  part,  il  he  aeem.  s 

article  analysed,  to  the  analyst.  „     .  ■ 

arucieauM.,  .      nnt  ni^ceiDt  the  offer  of  the  pur-  Provision 

15.  If  the  seller  or  his  agent  do  "P^^'^^^f  "^'.^^  the  analyst  when.amp 
1,        »^  ,i;tt^^b  HiR  article  purchased  in  ms  prehtjuuD,  j      is  not  di- 

cha--f  to  divide  the  artiue  p  ^^^^  p 

race  ving  the  article  for  analysis  s"^'^',"';'  ,  i  u^U  cause  it  to 
and  shall  seal  or  fasten  up  °7J°ri?/o'^^^^^^  supplies 
be  delivered,  either  ^^P°^^^««'P*J'/ ^t^rSain  tL  same  for  pro- 

1  r  Tf  the  analyst  do  not  reside  within  two  miles  of  the  residence 

for  sending 

^  fi  :  ;^L.nn  reauiring  the  article  to  be  analysed,  such  article  may  ^„ 
itJlS  S'Z°U=t  tta^gh  the  p„.  office       aj2-  {S.^.K. 

scribed  shall  '^VV^J  ^°  J  J-        premises  or  m  any  shop  to  any  officer 

exposed  to  sale,  or  on  sale  by  retail  ,        j^jcij  be  shall  liable  to 

or  stores,  and  shall  tender  the  price  for  t'^^ q.^^^'^'^y  Jfi'^^  "i,„n  be  vensMj- 

The  certificate  of  the  analysis  shall  be  in  the  form  set  forth  Fo^  of^t^e 
in  the  schedule  hereto,  or  to  the  like  effect. 

19.  Every  analyst  appointed  under  any  Act  l^ereby  repealed  or  Quarterly^^^ 
this  Act  shall  report  quarterly  to  the  authori  y  appointing  him  the  J 
number  of  articL  analysed  by  him  under  this  Act  during  tbe  fore- 
goSg  qnarter,  and  shall  specify  the  result  of  each  analysis  and  the 
fum  midtohim  in  respect  thereof,  and  such  report  sha  l  be  pre 
"SeHt  tt  next  meeting  of  the  authority  appointing  -ch  analy  st 
and  every  such  authority  shall  annually  transmit  to  W 
GovernmYnt  Board,  at  such  time  and  in  such  form  as  the  Board 
shaU  direct,  a  certified  copy  of  such  quarterly  report. 

Proceedings  against  Offenders. 
delivered  to  the  purchaser,  in  a  summary  manner. 
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Certificate  of 
analyst 
prima,  facie 
evidence  for 
the  prosecu- 
tion, but 
analyst  to  be 
called  if 
required. 
Defendant 
and  his  wife 
may  be  ex- 
amined. 

Power  to 
justices  to 
have  articles 
of  food  and 
drugs  ana- 
lysed. 


Appeal  to 

Quarter 

Sessions. 


_  Every  penalty  imposed  by  this  Act  shall  be  recovered  in  England 
in  the  manner  described  by  the  eleventh  and  twelfth  of  Victoria 
chapter  forty-three.  In  Ireland  such  penalties  and  proceedings 
shall  be  recoverable,  and  may  be  taken  with  respect  to  the  police 
district  of  Dublin  metropolis,  subject  and  according  to  the  provi- 
sions of  any  Act  regulating  the  powers  and  duties  of  justices  of  the 
peace  for  such  district,  or  of  the  police  of  such  district  •  and  with 
respect  to  other  parts  of  Ireland,  before  a  justice  or  justices  of  the 
peace  sitting  in  petty  sessions,  and  subject  and  according  to  the 
provisions  of  '  The  Petty  Sessions  (Ireland)  Act,  1851,'  and  any 
Act  amending  the  same. 

Every  penalty  herein  imposed  may  be  reduced  or  mitigated 
according  to  the  judgment  of  the  justices. 

21.  At  the  hearing  of  the  information  in  such  procepdino- the 
production  of  the  certificate  of  the  analyst  shall  be  sufficient  evi- 
dence of  the  facts  therein  stated,  unless  the  defendant  shall  require 
that  the  analyst  shall  be  called  as  a  witness,  and  the  parts  of  the 
articles  retained  by  the  person  who  purchased  the  article  shall  be 
produced,  and  the  defendant  may,  if  he  think  fit,  tender  himself  and 
his  wife  to  be  examined  on  his  behalf,  and  he  or  she  shall,  if  he  so 
desire,  be  examined  accordingly. 

22.  The  justices  before  whom  any  complaint  may  be  made,  or  the 
court  before  whom  any  appeal  may  be  heard,  under  this  Act  may, 
upon  the  request  of  either  party,  in  their  discretion  cause  any  article 
of  food  or  drug  to  be  sent  to  the  Commissioners  of  Inland  Eevenue, 
who  shall  thereupon  direct  the  chemical  officers  of  their  department 
at  Somerset  House  to  make  the  analysis,  and  give  a  certificate  to 
such  justices  of  the  result  of  the  analysis ;  and  the  expense  of  such 
analysis  shall  be  paid  by  the  complainant  or  the  defendant  as  the 
justices  may  by  order  direct. 

23.  Any  person  who  has  been  convicted  of  any  offence  punish- 
able by  any  Act  hereby  repealed  or  by  this  Act  by  any  justices  may 
appeal  in  England  to  the  next  general  or  quarter  sessions  of  the 
peace  ^  which  shall  be  held  for  the  city,  county,  town,  or  place, 
wherein  such  conviction  shall  have  been  made,  provided  that  such 
person  enter  into  a  recognizance  within  three  days  next  after  such 
convictioD,  with  two  sufficient  sureties,  conditioned  to  try  such 
appeal,  and  to  be  forthcoming  to  abide  the  judgment  and  deter- 
mination of  the  court  at  such  general  or  quarter  sessions,  and  to 
pay  such  costs  as  shall  be  by  such  court  awarded  ;  and  the  justices 
before  whom  such  conviction  shall  be  had  are  hereby  empowered 
and  required  to  take  such  recognizance ;  and  the  court  at  such 
general  or  quarter  sessions  are  hereby  required  to  hear  and  deter- 
mine the  matter  of  such  appeal,  and  may  award  such  costs  to  the 
party  appealing  or  appealed  against  as  they  or  he  shall  think 
proper. 

In  Ireland  any  person  who  has  been  convicted  of  any  offence 
punishable  by  this  Act  may  appeal  to  the  next  court  of  quarter 
sessions  to  be  held  in  the  same  division  of  the  county  where  the 
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conviction  shall  be  made  by  any  justice  or  justices  in  any  petty  ses- 
sions district,  or  to  the  recorder  at  his  next  sessions  where  the 
conviction  shall  be  made  by  the  divisional  justices  in  the  police 
district  of  Dublin  metropolis,  or  to  the  recorder  of  any  corporate 
or  borough  town  when  the  conviction  shall  be  made  by  any  justice 
or  justices  in  such  corporate  or  borough  town  (unless  when  any 
such  sessions  shall  commence  within  ten  days  from  the  date  of  any 
such  conviction,  in  which  case,  if  the  appellant  sees  fit,  the  appeal 
may  be  made  to  the  next  succeeding  sessions  to  be  held  for  such 
division  or  town),  and  it  shall  be  lawful  for  such  court  of  quarter 
sessions  or  recorder  (as  the  case  may  be)  to  decide  such  appeal,  if 
made  in  such  form  and  manner  and  with  such  notices  as  are  re- 
quired by  the  said  Petty  Sessions  Acts  respectively  hereinbefore 
mentioned  as  to  appeals  against  orders  made  by  justices  at  petty 
sessions,  and  aU  the  provisions  of  the  said  Petty  Sessions  Acts 
respectively  as  to  making  appeals  and  as  to  executing  the  orders 
made  on  appeal,  or  the  original  orders  where  the  appeals  shall  not 
be  duly  prosecuted,  shall  also  apply  to  any  appeal  made  under  this 
Act. 

24.  In  any  prosecution  under  this  Act,  where  the  fact  of  an 
article  having  been  sold  in  a  mixed  state  has  been  proved,  if  the 
defendant  shall  desire  to  rely  upon  any  exception  or  provision  con- 
tained in  this  Act,  it  shall  be  incumbent  upon  him  to  prove  the 
same. 

25.  If  the  defendant  in  any  prosecution  under  this  Act  prove  to 
the  satisfaction  of  the  justices  or  court  that  he  had  purchased  the 
article  in  question  as  the  same  in  nature,  substance,  and  quality  as 
that  demanded  of  him  by  the  prosecutor,  and  with  a  written  war- 
ranty to  that  effect,  that  he  had  no  reason  to  believe  at  the  time 
when  he  sold  it  that  the  article  was  otherwise,  and  that  he  sold  it 
in  the  same  state  as  when  he  purchased  it,  he  shall  be  discharged 
from  the  prosecution,  but  shall  be  liable  to  pay  the  costs  incurred 
by  the  prosecutor,  unless  he  shall  have  given  due  notice  to  him  that 
he  will  rely  on  the  above  defence. 

26.  Every  penalty  imposed  and  recovered  under  this  Act  shall 
be  paid  in  the  case  of  a  prosecution  by  any  officer,  inspector,  or  con- 
stable of  the  authority  who  shall  have  appointed  an  analyst  or 
agreed  to  the  acting  of  an  analyst  within  their  district,  to  such 
officer,  inspector,  or  constable,  and  shall  be  by  him  paid  to  the 
authority  for  whom  he  acts,  and  be  applied  towards  the  expenses  of 
executing  this  Act,  any  Statute  to  the  contrary  notwithstanding ; 
but  in  the  case  of  any  other  prosecution  the  same  shall  be  paid  and 
applied  in  England  according  to  the  law  regulating  the  application 
of  penalties  for  offences  punishable  in  a  summary  manner,  and  in 
Ireland  in  the  manner  directed  by  the  Fines  Act,  Ireland,  1851,  and 
the  Acts  amending  the  same. 

27.  Any  person  who  shall  forge,  or  shall  utter,  knowing  it  to  be 
forged  for  the  purposes  of  this  Act,  any  certificate  or  any  writing 
purporting  to  contain  a  -warranty,  shall  be  guilty  of  a  misdemeanour 


A.D.  1875. 


In  any  pro- 
secution 
defendant  to 
prove  that 
he  is  pro- 
tected by 
exception  or 
provision. 

Defendant 
to  be  dis- 
charged if  he 
prove  that  he 
bought  the 
article  in  the 
same  state 
as  sold,  and 
with  a 
warranty. 
No  costs  ex- 
cept on 
issues  proved 
against  him. 

AppUcation 
of  penalties. 


Punishment 
for  forging 
certificate  or 
warranty ; 
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for  wilful 
misapplica- 
tion of 
warranty ; 


for  false 
warranty  ; 


for  false 
label. 


Proceedings 
by  indict- 
ment and 
contracts 
not  to  be 
aflfected. 


Expenses  of 

executing 

Act. 


and  be  punishable  on  conviction  by  imprisonment  for  a  term  of  not 
exceeding  two  years  with  hard  labour  ; 

Every  person  who  shall  wilfully  apply  to  an  article  of  food,  or  a 
drug,  in  any  proceedings  under  this  Act,  a  certificate  or  warranty 
given  in  relation  to  any  other  article  or  drug,  shall  be  guilty  of  an 
oflPence  under  this  Act,  and  be  liable  to  a  penalty  not  exceeding 
twenty  pounds  ; 

Every  person  who  shall  give  a  false  warranty  in  writing  to  any 
purchaser  in  respect  of  an  article  of  food  or  a  drug  sold  by  him  as 
principal  or  agent,  shall  be  guilty  of  an  offence  under  this  Act,  and 
be  liable  to  a  penalty  not  exceeding  twenty  pounds ; 

And  every  person  who  shall  wilfully  give  a  label  with  any  article 
sold  by  him  which  shall  falsely  describe  the  article  sold,  shall  be 
gtiilty  of  an  oiFence  under  this  Act,  and  be  liable  to  a  penalty  not 
exceeding  twenty  pounds. 

28.  Nothing  in  tliis  Act  contained  shall  affect  the  power  of  pro- 
ceeding by  indictment,  or  take  away  any  other  remedy  against  any 
offender  under  this  Act,  or  in  any  way  interfere  with  contracts  and 
bargains  between  individuals,  and  the  rights  and  remedies  belonging 
thereto. 

Provided  that  in  any  action  brought  by  any  person  for  a  breach 
of  contract  on  the  sale  of  any  article  of  food  or  of  any  drug,  such 
person  may  recover  alone  or  in  addition  to  any  other  damages  reco- 
verable by  him  the  amount  of  any  penalty  in  which  he  may  have 
been  convicted  under  this  Act,  together  with  the  costs  paid  by  him 
upon  such  conviction  and  those  incurred  by  him  in  and  about  his 
defence  thereto,  if  he  prove  that  the  article  or  drug  the  subject  of 
such  conviction  was  sold  to  him  as  and  for  an  article  or  drug  of  the 
same  nature,  substance,  and  quality  as  that  which  was  demanded  of 
him,  and  that  he  purchased  it  not  knowing  it  to  be  otherwise,  and 
afterwards  sold  it  in  the  same  state  in  which  he  purchased  it ;  the 
defendant  in  such  action  being  nevertheless  at  liberty  to  prove  that 
the  conviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or 
claimed  was  unreasonable. 

Expenses  of  executmg  the  Act. 

29.  The  expenses  of  executing  this  Act  shall  be  borne,  in  the 
city  of  London  and  the  liberties  thereof,  by  the  consolidated  rates 
raised  by  the  Commissioners  of  Sewers  of  the  city  of  London  and 
the  liberties  thereof,  and  in  the  rest  of  the  metropolis  by  any  rates 
or  funds  applicable  to  the  purposes  of  the  Act  for  the  better  local 
management  of  the  metropolis,  and  otherwise  as  regards  England, 
in  counties  by  the  county  rate,  and  in  boroughs  by  the  borough 
fund  or  rate  ;  . 

And  as  regards  Ireland,  in  counties  by  the  grand  jury  cess,  and  in 
boroughs  by  the  borough  fund  or  rate  ;  all  such  expenses  payable  iii 
any  county  out  of  grand  jury  cess  shall  be  paid  by  the  treasurer  of 
such  county  ;  and  . 

The  grand  jury  of  any  such  county  shall,  at  any  assizes  at  which 
it  is  proved  that  any  such  expenses  have  been  incurred  or  paid 
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without  previous  application  to  presentment  sessions,  present  to  be  ^875. 
raised  off  and  paid  by  such  county  the  moneys  required  to  defray 
the  same. 

Special  Provision  as  to  Tea. 

30.  From  and  after  the  first  day  of  January  one  thousand  eight  Tea  to  be 
hundred  and  seventy-six  all  tea  imported  as  merchandise  into  and  theCMstomJ 
landed  at  any  port  in  Great  Britain  or  Ireland  shall  be  subject  to  on  importa- 
examination  by  persons  to  be  appointed  by  the  Commissioners  of  tion. 
Customs,  subject  to  the  approval  of  the  Treasury,  for  the  inspection 

and  analysis  thereof,  for  which  purpose  samples  may,  when  deemed 
necessary  by  such  inspectors,  be  taken  and  with  all  convenient 
speed  be  examined  by  the  analysts  to  be  so  appointed  ;  and  if  upon 
such  analysis  the  same  shall  be  found  to  be  mixed  with  other  sub- 
stances or  exhausted  tea,  the  same  shall  not  be  delivered  unless 
with  the  sanction  of  the  said  commissioners,  and  on  such  terms  and 
conditions  as  they  shall  see  fit  to  direct,  either  for  home  consump- 
tion or  for  use  as  ships'  stores  or  for  exportation ;  but  if  on  such 
inspection  and  analysis  it  shall  appear  that  such  tea  is  in  the  opinion 
of  the  analyst  unfit  for  human  food,  the  same  shall  be  forfeited  and 
destroyed  or  otherwise  disposed  of  in  such  manner  as  the  said  com- 
missioners may  direct. 

31.  Tea  to  which  the  term  'exhausted'  is  applied  in  this  Act 
shall  mean  and  include  any  tea  which  has  been  deprived  of  its 
proper  quality,  strength,  or  virtue  by  steeping,  infusion,  decoction, 
or  other  means. 

32.  For  the  purposes  of  this  Act  every  liberty  of  a  cinque  port 
not  comprised  within  the  jurisdiction  of  a  borough  shall  be  part  of 
the  county  in  which  it  is  situated,  and  subject  to  the  jurisdiction  of 
the  justices  of  such  county. 

33.  In  the  application  of  this  Act  to  Scotland  the  following 
provisions  shall  have  effect: 


Interpreta- 
tion of  Act. 


Provision 
for  the 
liberty  of  a 
cinque  port. 


1 


misdemeanour '  shall    mean   '  a    crime  or 


5. 


The  term 
offence  : ' 

The  term  'defendant'  shall  mean  'defender'  and  include 

'  respondent : ' 
The  term  '  information  '  shall  include  '  complaint : ' 
This  Act  shall  bo  read  and  construed  as  if  for  the  term  'jus- 
tices,' wherever  it  occurs  therein,  the  term  'sheriff'  were 
substituted : 

The  term  '  sheriff'  shall  include  '  sheriff  substitute  : ' 

6.  The  term  '  borough '  shall  mean  any  royal  burgh  and  any 

burgh  returning  or  contributing  to  return  a  member  to 
Parliament : 

7.  The  expenses  of  executing  this  Act  shall  be  borne  in  Scotland, 

in  counties,  by  the  county  general  assessment,  and  in 
burghs,  by  the  police  assessment : 

8.  This  Act  shall  be  read  and  construed  as  if  for  the  expression 

'  the  Local  Government  Board,'  wherever  it  occurs  therein 
3l 


Application 
of  the  Act 
to  Scotland. 
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Interpreta- 
tion of  terms 
in  applica- 
tion of  Act 
to  Ireland. 


10. 


11 


the  expression  '  one  of  Her  Majesty's  Principal  Secre- 
taries of  State '  were  substituted : 
All  penalties  provided  by  this  Act  to  be  recovered  in  a  sum- 
mary manner  shall  be  recovered  before  the  sheriff  of  the 
county  in  the  sheriff  court,  or  at  the  option  of  the  person 
seeking  to  recover  the  same  in  the  police  court,  in  any 
place  where  a  sheriff  oificiates  as  a  police  magistrate  undei' 
the  provisions  of  'The  Summary  Procedure  Act,  1864,' 
or  of  the  Police  Act  in  force  for  the  time  in  any  place  in 
which  a  sheriff  officiates  as  aforesaid,  and  all  the  juris- 
diction, powers,  and  authorities  necessary  for  this  purpose 
are  hereby  conferred  on  sheriffs  : 

Every  such  penalty  may  be  recovered  at  the  instance  ot 
the  procurator  fiscal  of  the  jurisdiction,  or  of  the  person 
who  caused  the  analysis  to  be  made  from  which  it  appeared 
that  an  offence  had  been  committed  against  some  one  of  the 
provisions  of  this  Act: 

Every  penalty  imposed  and  recovered  under  this  Act 
shall  be  paid  to  the  clerk  of  the  court,  and  by  him  shall  be 
accounted  for  and  paid  to  the  treasurer  of  the  county 
general  assessment,  or  the  police  assessment  of  the  burgh, 
as  the  sheriff  shall  direct: 
Every  penalty  imposed  by  this  Act  may  be  reduced  or  miti- 
gated according  to  the  judgment  of  the  sheriff: 
It  shall  be  competent  to  any  person  aggrieved  by  any  con- 
viction by  a  sheriff  in  any  summary  proceeding  under  this 
Act  to  appeal  against  the' same  to  the  next  circuit  court,  or 
where  there  are  no  circuit  courts  to  the  High  Court  of 
Justiciary  at  Edinburgh,  in  the  manner  prescribed  by  such 
of  the  provisions  of  the  Act  of  the  twentieth  year  of  the 
reign  of  King  George  the  Second,  chapter  forty-three,  and 
any  Acts  amending  the  same,  as  relate  to  appeals  in  mat- 
ters criminal,  and  by  and  under  the  rules,  limitations, 
conditions,  and  restrictions  contained  in  the  said  pro- 
visions. 

34.  In  the  application  of  this  Act  to  Ireland,— 

The  term  'borough'  shall  mean  any  borough  subject  to  the 
Act  of  the  session  of  the  third  and  fourth  years  of  the  reign 
of  Her  present  Majesty,  chapter  one  hundred  and  eight,  inti- 
tuled '  An  Act  for  the  regulation  of  Municipal  Corporations 
'  in  Ireland : '  . 

The  term  'county'  shall  include  a  county  of  a  city  and  a 
county  of  a  town  not  being  a  borough  :  „  t.  i  r 

The  term  '  assizes  '  shall,  with  respect  to  the  county  of  Dublin, 
mean  '  presenting  term  : ' 

The  term  '  treasurer  of  the  county '  shall  include  any  person  or 
persons  or  bank  in  any  county  performing  duties  analogous 
to  those  of  the  treasurer  of  the  county  in  counties,  and,  with 
respect  to  the  county  of  Dublin,  it  shall  mean  the  finance 
committee : 
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The  term  'police  constable'  shaU  mean,  with  respect  to  the     ^.d.  1875. 
police  district  of  Dublin  metropolis,  constable  of  the  Dublin 
Metropolitan  Police,  and  with  respect  to  any  other  part  of 
Ireland,  constable  of  the  Eoyal  Irish  Constabulary. 

35.  This  Act  shall  commence  on  the  first  day  of  October  one  Commence- 
thousand  eight  hundred  and  seventy-five. 

36.  This  Act  may  be  cited  as  '  The  Sale  of  Food  and  Drugs  Title  of  the 
Act,  1875.' 
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SCHEDULE. 


FOKM  OF  CEETIFICATE. 

To* 

I,  the  undersigned,  public  analyst  for  the 
do  hereby  certify  that  I  received  on  the  day  of 

18       ,  from  t  >  a  sample  of 

for  analysis  (which  then  weighed  J  ),  and  have  analysed, 

the  same,  and  declare  the  result  of  my  analysis  to  be  as  follows : — 

I  am  of  opinion  that  the  same  is  a  sample  of  genuine 

or, 

I  am  of  opinion  that  the  said  sample  contained  the  parts  as 
under,  or  the  per-centages  of  foreign  ingredients  as  under. 


Observations.  § 


As  witness  my  hand  this  day  of 

A.B., 

at 


*  Here  insert  the  name  of  the  person  submitting  the  article  for 
analysis. 

t  Here  insert  the  name  of  the  person  delivering  the  sample. 

X  When  the  article  cannot  be  conveniently  weighed,  this  passage 
may  be  erased,  or  the  blank  may  be  left  unfilled. 

§  Here  the  analyst  may  insert  at  his  discretion  his  opinion  as  to 
whether  the  mixture  (if  any)  was  for  the  purpose  of  rendering  the 
article  portable  or  palatable,  or  of  preserving  it,  or  of  improving  the 
appearance,  or  was  unavoidable,  and  may  state  whether  in  excess  of 
what  is  ordinary,  or  otherwise,  and  whether  the  ingredients  or  materials 
mixed  are  or  are  not  injurious  to  health. 

In  the  case  of  a  certificate  regarding  milk,  butter,  or  any  article 
liable  to  decomposition,  the  analyst  shall  specially  report  whether  any 
change  had  taken  place  in  the  constitution  of  the  article  that  would 
interfere  with  the  analysis. 


INDEX. 


AcAnns  Fabin^,  320  ;  A.  saochari,  242  ;  A. 
casei,  454. 

Acetic  Acid,  formation  and  occurrence, 
628  ;  properties,  634  ;  determination, 
639.    See  also  722, 

ACBTOSE,  227. 

Acid,  determination  of  free,  742. 
Aerated  Waters,  661. 
Ague  caused  by  impure  water,  64. 
Amtoien,  1,  279. 

Alcohol,  properties,  794.  Preparation  of 
absolute  alcohol,  795.  Physio'ogical 
action,  797.  Estimation,  739,  741,  and 
798. 

Alcohol  in  wine,  719, 
Alcoholoiietric  Tables,  687,  736,  801. 
Aldehyde,  227, 
Aleurometer,  286. 

Allem,  Mr.  A.  H.,  on  tlie  adulteration  of 
tea,  126. 

Allspice,  581. 

Alluvial  Waters,  68. 

Alum,  the  employment  of,  in  the  manufac- 
ture of  bread,  343,  348  ;  detection  in 
bread,  830. 

Alumina,  estimation  in  water,  85. 

AilMOMA,  ICETHOD  SP   WATER  ANALYSIS, 

74.  Free  and  albuminoid  ammonia,  75, 
76. 

Amontillado,  766. 

Analysis  of  Water,  68. 

Anchovies,  definition  of  adulteration,  486 ; 
generic  characters,  486,  Jig.  138.  Adul- 
terations of  anchovies,  489.  Samples 
tested  for  lead,  490.  Detection  of  the 
adulterations  of  anchovies,  491.  Dutch 
fish,  491.  French,  491.  Sicilian,  491. 
Detection  of  Venetian  red  and  bole  arme- 
nian,  492. 

AJfiLlSE  DVES  used  to  colour  sugar  confec- 
tionery, 258. 

Annatto,  615  ;  definition  of  adulteration, 
615  ;  derivation  and  preparation,  615 ; 


sti-ncture  of  the   seed,  616,  fig.  201, 
Composition  of  annatto,  616  ;  adultera- 
tions, 618,  figs.  202,    203.   Results  of 
the  examination  of  samples,  618  ;  analyses 
of  the  ash,  620  ;  the  presence  of  lead,  621. 
Mr.  Wakley  on  the  adulterations  of,  622. 
Employment  in  cheese,  623.   Detection  of 
the  adulterations  of  annatto,  623.  Or- 
ganic   adulterations,  623.  Inorganic 
624.    Method  for  the  detection  of  the 
mineral  adulterations,  624.  Wanington's 
process  for  the  estimation  of  minute 
quantities  of  copper,  626. 
Apples,  composition,  708. 
Arrowroot,  definition  of  adulteration, 
363.   Maranta  arrowroot,  364  ;  prepara- 
tion, 364 ;    character  of   the  starch- 
corpuscles,  366,;??.  110.  Canna,  or  Tons  les 
Mois  arrowroot,  366  ;  preparation,  366  ; 
characters  of  the  starch  corpuscles,  367, 
fig.  111.  Curcuma  arrowroot,  367  ;  pre- 
paration, 369  ;  characters  of  the  starch 
corpuscles,  368,/?.  112.    Tacca  arrow- 
root, 369  ;  preparation,  369  ;  characters 
of  the  starch  corpuscles,  370,  fig.  113. 
Manihot,  Tapioca,  or  Brazilian  arrowToot, 
370  and  381  ;  characters  of  the  starch 
corpuscles,  370.   Potato  arrowroot,  371 ; 
preparation,  371  ;    characters    of  the 
starch  corpuscles,  371,  fig.  114.  Maiae 
arrowroot  or  cornflour,  372 ,  Rice  arrow- 
root, 372.  Arum  arrowroot,  372  ;  charac- 
ters of  the  starch  corpuscles,  372,  j^y.  115. 
The  adulterations   of  arrowroot,  373. 
Results  of  the  examination  of  samples, 
374  ;  the  detection  of  the  adulterations  of 
arrowroot,  374. 
Arsenic  in  sugar  confectionery,  254 ;  In 

cheese,  453. 
Arum  AnitowuooT,  372. 
Ash,  analysis  of,  110. 
aspauagin,  005. 
Assamar,  228. 
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Baking  Powdeb,  345. 
Barley  Plouh,  292. 

Bartlett,  Mr.  H.  C,  on  the  adulteration  of 

tea,  126  ;  of  cocoa,  219. 
Beans,  composition,  383. 
Beer.   See  Malt  Beverages  and  Appendix, 

830. 

Berthelot's  FORiruLA  for  the  estimation 

of  ethers  in  wine,  747. 
BiscDiT,  value  as  food,  5. 
Blending  of  Wine,  763. 
Bordeaux  Wines,  780. 
BoUQDET  of  wine,  725. 
Bran,  from  wheat,  282. 
Brandy,  803. 

Brass,  cooking  utensils  made  of,  821. 

Brazilian  Arrowroot,  381. 

BrkAD,  composition,  5. 

Bread,  definition  of  adulteration,  332  ; 
manufacture,  332  ;  fermented  or  leavened, 
332  ;  unfermented  or  unleavened,  332  ; 
home-made  bread,  332 ;  leaven,  333. 
Yeast,  or  the  yeast  plant,  334  ;  brewers' 
yeast,  334 ;  German,  335  ;  patent.  335j 
fig.  102.  Discovery  of  the  development 
of  the  yeast  plant,  336.  First  stage,  or 
that  of  sporules,  340,  fig.  103 ;  second 
stage,  or  that  of  thallus,  340,  figs,  104 
and  105 ;  third  stage,  or  that  of  aerial 
fructification,  340,  figs.  106  and  107. 
Modus  operandi  of  yeast,  342  ;  employ- 
ment of  alum,  343  ;  the  use  of  lime 
water,  344 ;  sulphate  of  copper,  344. 
Unleavened  or  unfermented  bread,  345. 
Baking,  egg  and  mustai'd  powders,  345. 
Aerated  bread,  346 ;  the  analysis  of 
bread,  347  ;  adulterations,  347 ;  with 
water,  348  ;  mashed  potatoes,  348  ;  boiled 
rice,  348  ;  alum,  348 ;  sulphate  of 
copper,  352  ;  with  other  adulterants, 
352.  Results  of  the  examination  of 
numerous  samples  of  bread  for  alum, 
352.  Detection  of  the  adulterations  of 
bread,  352.  Detection  of  the  organic 
adulterations,  353,  ^gr.  108  ;  of  bone  dust, 
364.  The  detection  of  the  inorganic 
adulterations,  354  ;  alum,  354  ;  sulphate 
of  copper,  357. 

Buckwheat,  308, 325. 

Bunt,  310. 

Burgundy  Wine,  780. 

Butter,  value  as  food,  5. 

Butter,  definition  of  adulteration,  428  ; 
methods  of  preparation,  428  ;  composi- 
tion, 429  ;  analysis,  429  ;  occurrence  of 
crystals,  429  ;  the  adulterations,  430  ; 
with  water,  430  ;  starch,  430  ;  curd,  430  ; 
animal  fat,  431.  Results  of  the  examina- 
tion of  samples,  431.  Table  of  analyses, 
432.  Detection  of  the  adulterations, 
433  ;  estimation  of  water,  433  ;  detection 
and  estimation  of  starch,  434  ;  salt,  434  ; 
curd,  434  ;  foreign  fats,  435.  Evidence 
before  the  Committee  on  Adulteration  in 
1874,  435.  Separation  of  stearin  and 
polmitin  from  olein,  436 ;  determina- 


tion of  the  fusing  points,  439.  Dr. 
Hassan's  method,  441,  fig.  133.  Tables  of 
points  of  fusion  of  butter,  &o.,  442. 
Messrs.  AngeU  and  Hehner's  method  of 
butter  analysis,  446. 


Cabbage,  value  as  food,  5. 
Cadbury,  Mr.  S.,  evidence  on  the  adultera- 
tion of  cocoa,  218. 
Cjenurus  Cerebralis,  480. 
Cappeine,  percentage  in  coifee,  149. 
Calculation  opBEsuLTsofwateranalysis,87 
Cane  Sugar,  estimation,  233. 
C ANNA,  or  Tous  les  Mols Arrowroot,  36G. 
Cape  Wine,  776. 
Capsicin,  544. 
Capsicum,  541. 

Carbonio  Acid,  in  water,  estimation  of 
combined,  86  ;  of  free,  667. 

Cardamom  Seeds,  591 ;  composition,  591  ; 
form  and  structiure,  591 ,  /Jy.  191. 

Carrots,  value  as  food,  5. 

Casein,  279,  390. 

Cassava,  or  Tapioca,  379. 

Cassia,  composition  and  structure,  566, 
figs.  177,  178,  and  179  ;  adulterations,  568. 
Detection  of,  569. 

Cayenne,  or  Capsicum,  543  ;  definition  of 
adulteration,  543.  Different  kinds  of 
Cayenne,  543  ;  composition,  544.  Capsi- 
cin,  544 ;  structure  of  the  capsicum  berry 
or  fruit.  5i5,  figs.  162,  163,  164,  165,  166, 
and  167  ;  ths  adulterations  of  Cayenne, 
547,  fig.  168.  Results  of  the  examination  of 
samples,  547  ;  red  lead  and  mercury  in, 
648 ;  case  of  poisoning  with  adulterated 
Cayenne,  650.  Detection  of  the  adultera- 
tions, 551 ;  of  lead,  551 ;  bisulphuret  of 
mercury,  552. 

Cellulose,  estimation,  110. 

Cerealla,  280. 

Chalk,  w  aters  from,  67. 

Champagne,  781. 

Charlock,  525. 

Cheese,  value  as  food,  5  ;  definition  of 
adulteration,  448  :  manufacture  of,  448  ; 
modus  operandi  of  rennet,  449  ;  compo- 
sition, 450  ;  analyses,  450  ;  ash,  451 ; 
analysis,  451 ;  estimation  of  water,  451  ; 
fat,  451 ;  casein,  451 ;  sug.ar,  451 ;  ash, 
451 ;  ammonia,  452 ;  volatile  acids,  452. 
The  adulterations  of  cheese,  4.52;  colouring 
■with  annatto,  452 ;  flavouring  with  herbs, 
452 ;  adulteration  with  potatoes,  452  ; 
bean  meal,  453  ;  Venetian  red  and  reddle, 
453  ;  contamination  with  sulphate  of 
copper  and  arsenic,  453.  Results  of  the 
examination  of  samples,  453  ;  the  cheese 
acarus,  464,  figs.  134  and  135  ;  cheese  fly, 
454 ;  cheese  maggot,  or  jumpers,  456. 
Detection  of  the  adulterations,  456  ;  of 
potato,  456;  bean  meal,  457  ;  animal  fats, 
457  ;  Venetian  red,  457  ;  sulphate  of  cop- 
per and  arsenic,  457. 

Chicory,  definition  of  adulteration,  173  ; 
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the  chicory  plant,  173  ;  composition  of 
chicory,  17-t ;  analyses,  174  ;  composition 
of  the  ash,  175;  structm-e  of  chicory 
root,  U(>,Ji<js.  43,  -14,  and  45;  properties 
of  chicory,  178  ;  chicory  and  coffee  con- 
trasted, 181  ;  adulterations  of  cWcory, 
182,  Jigs.  4G  and  47  ;  with  Hambro'  pow- 
der, coffee  flights,  and  all  the  articles 
found  in  adulterated  coifee,  182.  Besults 
of  the  examination  of  samples,  185. 
Detection  of  the  adulterations  of  cliicory, 
18G-  ignorance oftheExcise,186.  Detection 
of  adulterations  by  the  colour  and  specific 
gravity  of  tlie  infusion,  187;  by  the 
presence  of  glucose  or  grape  sugar,  ; 
by  the  quantity  of  siUca  in  the  ash,  18/  ; 
nitrogen  in  coffee  and  chicory,  189.  De- 
tection of  the  adulterations  of  cliicory,  189  ; 
by  the  microscope,  189.  Detection  and 
estimation  of  starch,  189 ;  of  Venetian 
red  or  reddle,  190. 
Chillies,  543. 

CHLOiirDE  OF  Sodium,  use  of,  3. 
Chiorc'E.  determination  in  water,  83  ;  m 

wine,  751. 
Chocolate,  210. 

Cholera,  caused  by  impure  water,  64. 

Cider  and  Perry,  708  ;  definition  of  adul- 
teration, 708 ;  varieties  and  composition 
of  the  apple,  708 ;  specific  gravity  and 
amount  of  sugar  in  the  juice,  709  ;  com- 
position of  the  ash,  709  ;  manufacture  of 
cider,  710 ;  perry,  712  ;  adulterations  of 
cider,  712  ;  occurrence  of  lead  in,  712. 
Results  of  the  analyses  of  samples,  713  ; 
analysis  of  cider,  714. 

CcfN'Ainc  Acid,  562. 

CiSNAiiON,  method  of  gathering,  561 ; 
composition  of  cinnamon,  562  ;  structure, 
563,^95.175.176,  and  177  ;  adulterations, 
568.    Detection  of  the  adulterations,  569. 

Citric  AciD.preparation  andproperties,650. 

Classification  of  Adulteration,  839 

Clay  Waters,  68. 

Cloves  and  their  adulterations,  574  ;  deri- 
vation of  the  name,  574 ;  composition  of 
the  clove,  575  ;  light  oil  of  cloves,  576 ; 
heavy  oil,  577  ;  structure  of  the  clove, 
577,^«.182.183,  and  184  ;  adulterations, 
580.  Besults  of  the  examination  of 
samples,  580.  Detection  of  the  adultera- 
tions, 580. 

Cocoa,  soluble,  207. 

Cocoa,  definition  of  adulteration,  191  ; 
the  cocoa-tree,  191;  cocoa  beans,  191; 
composition  of  cocoa,  192.  The  author's 
analyses,  193  ;  volatile  oil  and  theobro- 
mine, 1 93;  bitter  and  astringent  principles, 
194 ;  fatty  matter,194  ;  starch,  194  ;  cocoa 
red,  194 ;  the  shells  or  husks  of  cocoa, 

194  ;  percentage  of  husk,  195  ;  amount 
of  mineral  matter  in  husks  and  beans, 

195  ;  composition  of  the  ash  of  the  bean, 
190;  analyses  of  cocoa,  197;  estuna- 
tion  of  gnm,  197  ;  starch,  197  ;  fatty 
matter,  197 ;  theobromine,  197 ;  the 


albuminous  substances,  198  ;  cocoa  red, 
198  ;  of  mineral  matters,  198  ;  structure 
of  the  cocoa-bean,  198, ^ys.  48,  49,  50,  51, 
52,  53,  and  54  ;  properties  of  cocoa,  204  ; 
adulterations,  205.  Do  sugar  and  starch 
render  cocoa  soluble  ?  207 ;  kinds  of 
starch  employed,  208  ;  quaUty  of  sugar 
employed,  208  ;  adulteration  with  animal 
fat,  208  ;  chicory,  208  ;  cocoa  husks,  208  ; 
Venetian  red  and  other  ferruginous 
earths,  209  ;  chalk,  209.  Results  of  the 
examination  of  samples,  209  ;  chocolate, 
210.  Results  of  the  examination  of 
samples,  210.  Detection  of  the  adultera- 
tions of  cocoa,  211  ;  of  starch  by  the 
microscope,  211  ;  wheat  flour,  potato 
flour,  sago  meal,  212,  Jigs.  55,  56,  and  S7. 
Indian  corn.  East  Indian  and  West 
Indian  arrowroots  and  tapioca,  213,  fig. 
59.  Tons  les  Mois,  214,>!7.  58  ;  estimation 
of  starch,  214.  Detection  and  estimation 
of  sugar,  215.  Detection  of  foreign  fat, 
216  ;  mineral  substances,  217.  Ignorance 
of  the  Excise  as  regards  cocoa,  217 ; 
evidence  before  the  Parhamentary  com- 
mittee m  1874,  218. 
COOCULUS  INDICUS,  690. 

CoFifEE,  definition  of  adulteration,  145; 
description  of  the  coffee  tree,  145  ;  com- 
position of  coffee,  146  ;  fatty  matter,  147  ; 
caffeine,  147 ;  cane  sugar,  147 ;  per- 
centages of  nitrogen,  148  ;  caft'eic  acid, 
148  ;  caffeme,  148  ;  quantity  of  caffeine, 
149 ;  comparative  analyses  of  tea  and 
coffee,  149  ;  proportion  of  soluble  matter 
in  coffee,  150  ;  the  leaves  of  coffee,  150  ; 
composition  of  the  ash  of  coffee,  150; 
analyses  of  ash,  151  ;  properties  of  coffee, 

151  ;  ditto  of  volatile  oil,  152  ;  caffeic  acid, 

152  ;  caffeine,  152  ;  the  analysis  of  coffee, 

153  ;  estimation  of  fixed  oU,  153  ;  sugar, 

153  ;  structure  of  the  coffee  seed,  154, 
figs.  32,  33,  34,  and  35  ;  '  coffee  flights,' 

154  ;  adulterations  of  coffee,  155,  tig.  36  ; 
with  chicoiy.  165,  fig.  37.  Coffee  and 
chicory  contrasted,  158 ;  adulteration 
with  roasted  grain,  15S,  figs.  40,  41,  and 
42  ;  roasted  roots,  159,  figs.  38  and  39  ; 
baked  liver,  159 ;  burnt  sugar,  160 ; 
Venetian  red,  160.  Results  of  the  exam- 
ination of  samples,  160  ;  grand  names  of 
adulterated  coffees,  161  ;  other  adultera- 
tions of  coffee,  162.  Detection  of  the 
adulterations,  162 ;  by  the  physical 
characters,  162  ;  by  the  specific  gravity 
of  the  infusion,  163;  table  of  specific 
gravities,  164  ;  by  the  quantity  of  sugar, 
164  ;  by  the  composition  of  the  ash,  165. 
Detection  of  chicory,  166  ;  mangold  wur- 
zel,  167  ;  carrot  and  parsnip,  167  ;  wheat 
flour,  Sic,  167  ;  beau  flour,  169  ;  roasted 
ond  ground  acorn,  170  ;  sawdust,  170  ; 
caramel  or  burnt  sugar,  171 ;  Venetian 
red,  171  ;  silica,  171. 

Coi'FEB  and  Chicory  contrasted,  158, 181. 
I  CopffitE  Leaves,  160. 


888 


INDEX. 


Copi^  Seed,  strnctnre,  154 
Cognac,  803. 

Collection  of  Samples  of  Water,  68. 

COLOSTBnM,  410. 

CoLoniuNG  IVlATTEn  OP  Wine,  detection, 
787. 

Cones  Ftotm,  322. 

Copper,  in  bread,  344  ;  in  cheese,  453  ;  In 
liquorice,  609  ;  in  sugar  confectionery, 
263  ;  in  preserves  and  jellies,  504  ;  in 
walnut  catsup,  660  ;  in  tea,  131 ;  in 
pickles,  645.  Detection  and  estimation, 
647  ;  estimation  of  copper  in  water,  90  ; 
copper  derived  from  tlie  vessels  used  in 
cooking,  821. 

Coriander  Seeds,  589  ;  composition  and 
structure,  590,  ^g'.  190. 

Corn  Flour,  302. 

Corrosive  Sublimate  in  vinegar,  636. 

Cow-wheat,  325. 

Cream,  395. 

Crbamometer,  414. 

Creatine  and  Creatinine,  2. 

Cumin  Seeds,  593  ;  structure,  594,  fig.  192. 

Curcuma  Aiihowroot,  367. 

curcumin,  599. 

Curry  Powder,  589  ;  definition  of  adul- 
teration, 589;  composition,  589.  Coriander 
seeds,  589  ;  cardamom  seeds  or  gi-ains  of 
paradise,  591  ;  cumin  seeds,  593 ;  fenu- 
greek seeds,  594 ;  adulteration  of  curry 
powder,  596.  Results  of  examination 
of  samples,  596  ;  lead  in  curry  powder, 
597.    Detection  of  the  adulterations,  598. 

CiSTICERCUS  CELLULOSUS,  48U. 


Daenel,  316. 

Depojition  of  Adulteration  in  general, 
830. 

Deplasterdjg  of  wine,  759. 
Dextrose,  or  Dextroglucose,  220,  292. 
DiARRHosA,  caused  by  impure  water,  63. 
Diastase,  properties  and  preparation,  672. 
Diets,  table  for  calculating,  5. 
DiLATOMETER,  alooholometric,  800. 
Distilled  Water,  17. 
DiSTOlLA  Hepaticum,  481. 
DURRA,  328,  382. 

Dysentery,  caused  by  Impure  water,  63. 
Dyspepsia,  caused  by  impure  water,  63. 


Ear  Coccle,  Purples  or  Pepper  Corn,  318. 

Ebdlliosoope,  800. 

Eggs,  value  as  food,  5. 

Entozoa,  derived  from  impure  water,  65. 

Ergot,  311 ;  ergotin,  312. 

Ervalenta,  382. 

EsSENCTSs,  artificial,  255. 

Essentia  Bina,  689. 

Ethers  in  Wine,  estimation,  746. 

Eugenic  Acid,  577. 

Excise,  the  chemical  department  of,  867. 
Extenuation  of  Adulteration,  excuses 
urged  in,  834. 


Pat,  composition,  3. 

Fenuoiusbk  Seeds,  594;  structure,  594 

figs.  193  and  194. 
FimuN,  1,  279. 

Filtration,  the  purification  of  water  by 
means  of,  35. 

Finings,  678. 

Flour,  value  as  food,  5. 

Flour,  definition  of  adulteration,  276;  com- 
position, 276  ;  wheat  fiour,  276  ;  composi- 
tion of  wheat  flour,  277;  crude  gluten,  277- 
gluten,  278;  fibrin,  279;  casein,  279;  albu- 
men, 279  ;  cerealin,  280  ;  starch,  280  ;  per- 
centage composition  of  wheat  and  wheat 
flom-,  281  ;  wheat  bran,  282 ;  ash  of 
wheat,  283  ;  analysis  of  flour,  285  ; 
determination  of  gluten,  glutin,  and 
fibrin,  285  ;  albumen  and  casein  or  mucin, 
286  ;  estimation  of  total  nitrogen,  286  ; 
starch,  sugar,  and  dextrin,  286;  oU, 
water,  and  mineral  matters,  286  ;  struc- 
ture of  the  grain  of  wheat,  287,  figs.  72 
and  73  ;  baked  wheat  flour,  290,  fig.  74 ; 
British  gum  or  dextrin,  292  ;  barley  flour, 

292  ;  chemical  composition,  293  ;  hordein, 

293  ;  analyses  of  barley,  293  ;  ashes,  293  ; 
the  analysis  of  barley,  294  ;  structure  of 
the  grain,  294,  figs.  75  and  76  ;  rye  flour, 

294  ;  analyses  of  rye,  295  ;  of  rye  flour, 
295 ;  ash  of  rye,  296  ;  structure  of  the 
grain  of  rye,  296,  ngs.  77  and  78  ;  oat 
flour,  297  ;  groats,  297  ;  analyses  of  oats, 
298  ;  Scotch  oat,  299,  ash  of  oats,  299  ; 
structure  of  the  grain,  299,  figs.  79  and 
80  ;  Indian  corn  flour,  302  ;  analyses  of 
maize,  303  ;  ash,  303  ;  structure  of  the 
grain,  304,  figs.  81  and  82  ;  rice  flour, 
305  ;  composition  and  value,  305  ;  analy- 
ses, 306  ;  ash,  306  ;  structure  of  the 
grain,  306,  ngs.  83  and  84  ;  composition 
of  the  chief  cereal  grains,  mean  analyses  of 
the  grains  and  their  ashes,  308  ;  parasitic 
diseases  of  the  cereal  grains,  310  ;  bunt, 
smut  boUs,  or  pepper  brand,  310,  fig.  85  ; 
ergot,  311,  fig.  86 ;  structure  of  ergot, 
311  ;  ergotin,  312 ;  test  for  ergot,  312 ; 
rust,  red  rag,  red  robin,  or  red  gum,  313, 
fig.  87 ;  puccinia  graminis,  313,  figs.  88 
and  89  ;  smut,  or  dust  brand,  314  ;  mil- 
dew, 314  ;  peniciUium  glaucum,  315  ;  P. 
citophUum,  P.  roseum,  315 ;  fermentum 
cerevisii,  316,  fig.  90  ;  oidium  aurantia- 
cum,  31«,/g.  91 ;  vibriones,  316,  fig.  93  ; 
the  bearded  or  poisonous  darnel,  316, 
fig.  92  ;  effects  on  man,  316  ;  microscopic 
examination  of,  318  ;  test  for,  318  ;  the 
weevil,  318  ;  ear  coccle,  purples  or  pepper 
corn,  318 ;  wheat  midge,  319  ;  acarus 
farinse,  320,  figs.  94  and  95  ;  the  adulter- 
ations of  flour,  320  ;  with  bean  meal,  320  ; 
rice  flour,  321  ;  barley,  rye,  Indian  corn, 
and  potato  flom-s,  322 ;  peas  and  dari, 
322  ;  the  adulterations  of  cones  flour, 
Z1'2,fig.  96  ;  other  adulterations  and  con- 
taminations of  wheat  flour,  326  ;  mineral 
adulterations,  325.  Detection  of  the  adul- 
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terations,  326.  Detection  of  the  organic 
adulterations,  321,  Jigs.  99  and  100  ;  of 
bean  flour,  327,  Ji<js.  97  and  98  ;  barley 
flour,  327 ;  durra,  328 ;  structure  of 
durra,  328,  fifj.  101  ;  bone  dnst,  329.  De- 
tection of  the  inorganic  adulterations, 
329  ;  carbonate  of  soda,  331 ;  alum,  331  ; 
sulphate  of  copper,  331. 

Food  its  functions  and  quantity,  1 ;  com- 
position of  animal  substances,  1  ;  quan- 
tities required,  4  ;  table  for  calculatmg 
diets,  5  ;  relative  digestibility,  6. 

Foitinc  Acm,  detection,  746. 

Fortification  of  Wine,  761. 

Fr.4xkiaxd's  Method  of  water  analysis,77. 

Frauklaxd's  and  Wankltn's  Method  of 
water  analysis  compared,  80. 

Fbuits  and  Vegetables,  bottled,  493  ; 
definition  of  adulteration,  493  ;  unnatural 
green  colour  of  many  samples,  493. 
Eesults  of  the  analyses  of  samples,  493  ; 
sulphate  of  copper  or  blue  stone,  494. 
Detection  of  the  adulterations,  496. 

FUXGUS,  THE  VrSEGAB,  631. 
FURFUHOL,  228. 

Fusel  On.,  795.  Detection,  803. 


G-ALACTOjrETEK,  411. 

Galactose,  221,  392. 

Gall's  tkeatment  of  the  must  of  wme, 
754. 

Gaseous  constituents  of  water,  19  ;  esti- 
mation, 84. 
Gelatin,  1. 

GELATIN',  definition  of  adulteration,  470  ; 
preparation,  470  ;  properties,  472  ;  de- 
compositions, 473  ;  the  adulterations,  473. 
Detection  of  the  adulterations,  473  ;  of 
sugar,  473. 

Geological  poiuution,  mfluence  on  the 
composition  of  water,  67. 

Gin.    See  Spirituous  Liquors,  809. 

Ginger,  the  ginger  plant,  554 ;  composition 
of  ginger,  555  ;  structure,  555,  figs.  169, 
170,  and  171  ;  the  adulterations,  55S,figs. 
172,  173,  and  174.  Detection  of  the  adul- 
terations, 659. 

Ginger,  on  the  bleaching  of,  Appendrs,  828. 

Ginger  Beer,  664. 

Globulin,  1.  ... 

Glucose,  composition,  3  ;  estimation,  232. 

Gluten,  277. 

Glutin,  278. 

Glycemn,  719  ;  determination,  739. 
Glycyrrhetin,  605. 
Glycyrrhizin,  604. 

GolTRE,  caused  by  the  use  of  impure  water, 

65. 
Guam,  308. 

Granitic  Waters,  67. 
Grapes,  composition,  716. 
Guaveyards,  water  from,  68. 
Groats,  297. 
GROCER.S'  Itch,  244. 
Gum,  estimation,  llO. 


Hambro' Powder,  183. 

Hardness  of  Water,  20  ;  estimation,  88. 

HiPPURic  Acid,  2. 

Hock,  sparkUng,  782. 

Honey,  definition  of  adulteration,  26'i ; 
composition,  266  ;  analyses,  266  ; 
poisonous  honey,  267  ;  crystals  of 
honey,  with  poUen  granules,  268,  ^^i. 
69  and  70  ;  the  analysis,  270  ;  bees'  wax, 
271  •  other  kinds  of  wax,  271  ;  the 
composition  of  wax,  272  ;  the  adul- 
terations of  honey  and  wax,  272.  Detec- 
tion o£  the  adnlterations  of  honey,  272  ; 
honey  adulterated,  with  loaf  sugar,  273, 
Hg.  71.  Detection  of  the  adulterations  of 
wax,  275. 

Hops,  derivation  and  preparation, 
673;  structure  of  seed,  figs.  205  and 
206;  composition,  676;  composition  of 
lupulinic  gi-ains,  676  ;  analyses  of  ash  of 
hops,  678  ;  properties  of  hops,  678.  Detec- 
tion of  the  adulterations,  707. 

H0RDEIN,  293. 

HyDROCYAMC  Acid,  detection,  815. 

Importance  of  the  subject  of  adulteration, 
848.  . 
Impure  Water,  analyses,  59  ;  a  source  ot 

disease,  61. 
INDIAI^'  Corn  Flour,  302. 
IfiDiBO,  detection  of,  in  tea,  142. 
Iron,  use  of,  in  blood,  3. 
Iron,  estimation  in  water,  85  ;  m  tea.  111. 
Iron,  sulphate,  in  tea,  132. 
Isinglass,  definition  of  adulteration,  464  ; 
different  kinds  of  isinglass,  464  ;  manu- 
facture, 465 ;  adulterations,  466.  Re- 
sults of  the  examination  of  samples, 
466.   Detection  of  the  adulterations,  466, 
fig.  137  ;  the  ash,  468.  Brazilian  isinglass, 
469.  Blanc-mange,  469. 


Jellies  and  Prbsbbvbs,  500.  . 
Jbbupiga,  776. 

Jumpers,  in  cheese,  456.  ., 
Koumiss,  396. 

Lactic  Acid,  in  the  gastric  juice,  3 
Lactose,  372. 

LiEVULOsB,  or  L^arvoGLUCOSE,  220. 

Labd,  definition  of  adulteration,  459  ;  pre- 
paration of  lard,  459  ;  the  adulterations, 
460 ;  with  water  and  starch,  460,  fig. 
136  ;  alum,  460.  Results  of  the  examina- 
tion of  samples,  461.    Detection  of  the 

*  adulterations  of  lard,  462  ;  water,  462  ; 
starch,  462 ;  determination  of  saline 
matter,  463. 

Lead,  in  water,  65  ;  action  of  water 
on,  66 ;  estimation  in  water,  90 ; 
Detection,  651  ;  lead  in  annatto,  621 ;  in 
curry  powder,  597  ;  in  cider,   712  ;  in 
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■mne,  764;  in  rum,  808,  in  gin,  810. 

Detection  of  lead  in  gin,  810. 
Lbaven,  333. 
LectUmin,  383. 
Lemonade,  663. 

Lemon  and  Lijsib  Juices,  G49  ;  definition 
of  adulteration,  649  ;  sources  and  com- 
position, G49.  Citric  acid,  preparation  of, 
650  ;  properties  of,  651  ;  the  adulterations 
of  lemon  juice,  652 ;  with  water,  sugar, 
tartaric  acid,  sulphuric  acid,  652  ; 
hydrochloric  and  nitric  acids,  653  ;  facti- 
tious lemon  juice,  653.  Detection  of  the 
adulterations  of  Ume  and  lemon  juices, 
653  ;  determination  of  acidity,  654.  Detec- 
tion of  citric  and  maUo  acids,  654  ;  total 
solids,  654  ;  mineral  matter,  654  ;  sugar, 
alcohol,  tartaric  acid,  655 ;  sulphuric 
acid,  hydrochloric  acid,  655  ;  nitric  acid, 
656.  Eesults  of  the  examination  of 
samples  of  lemon  and  lime  juices,  656. 

Lentils,  composition,  383. 

Lias  Clay,  waters  from,  67. 

Lie  Tea,  114. 

Lime,  estimation  in  water,  85. 

Lime  Juice,  649. 

Limestone,  waters  from,  67. 

Linseed  Meal,  structure,  540. 

LiQUEuitraa  OP  Champagne,  783. 

Liquorice,  603  ;  definition  of  adulteration, 
603  ;  forms  and  names  under  which  it  is 
met  with,  603  ;  constituents  of  the  root, 

603  ;    composition,   604 ;  glycyrrhizin, 

604  ;  asparagin,  605  ;  structure  of  Uquor- 
ice,  605,  figs.  197, 198,  and  199  ;  adultera- 
tions, 607  ;  contamination  with  copper, 
609.  Results  of  the  examination  of 
samples,  609.  Detection  of  the  adultera- 
tions, 613,  fig.  200 ;  separation  of  cane 
sugar  and  glycyrrhizin,  614. 

LiVEB,  baked,  adulteration  of  coUee  with, 
169. 

LrvTNG  Orgauisms  in  potable  water,  37. 
Logwood,  777  ;  logwood  test  for  alum,  830, 
LUPULIN,  677. 

LupwLiNic  Grains,  composition,  676. 


Mace  and  its  adulterations,  573  ;  true  and 
false  mace,  573  ;  composition,  574  ;  struc- 
ture, 574,  fig.  181 ;  the  adulterations, 
674.  Results  of  the  examination  of 
samples,  574. 

Madeira,  774  ;  mannfaoture  and  adultera- 
tion, 776. 

Magnesia,  estimation,  85. 

Maize,  value  as  food,  5. 

Maize  Akhowhoot,  372. 

Malarious  Fever,  caused  by  impurg 
water,  64. 

Malic  Acid,  detection,  654,  744  ;  occurrence 

in  wine,  721. 
Malt  Beverages  and  their  adulterations, 

669 ;    definition  of  adulteration,    669 ; 

malt,  670  ;  the  process  of  malting,  670 ; 

pale,  amber,  and  brown  or  black  malt. 


671  ;  diastase,  672  ;  preparation,  672  • 
maltose,  672  ;  hops,  673;  preparation 
for  use,  673  ;  analyses  of  hops,  676  ;  of 
Inpulinic  grams,  676 ;  lupulite  or  true 
lupulin,  677 ;  analyses  of  ash  of  hops, 
678  ;  properties  of  hops,  678  ;  finings, 
678  ;  the  bi'ewing  of  beer,  679  ;  prepara- 
tion and  fermentation  of  the  wort,  679 ; 
top  and  bottom  fermentation,  680; 
quality  of  the  water  used,  680  ;  analyses 
of  the  water  used  by  Messrs.  Allsopp  and 
Co.,  and  Messrs.  Bass  and  Co.,  681 ,  ; 
analyses  of  the  beer  brewed  by  these 
brewers,  682  ;  the  analysis  of  beer,  682  ; 
determination  of  the  specific  gravity,  682; 
of  the  sugar,  dextrin,  and  gum,  683 ; 
bitter  extractive,  683  ;  total  soUds,  683  ; 
table  of  specific  gravity,  and  strength 
of  malt  extract,  684.  Observations 
of  Messrs.  Graham,  Hofmann,  and 
Redwood,  685.  Tables  to  asceitain  the 
original  gi-avity  of  the  wort,  686  ;  de- 
termination of  mineral  matter,  687  ; 
of  alcohol,  687 ;  table  of  specific  gravity 
and  strength  of  spirits,  687  ;  carbonic 
acid,  688  ;  the  adulterations  of  malt 
.beverages,  688  ;  with  water,  689  ;  cane 
sugar,  689  ;  liquorice,  689  ;  burnt  sugar, 
caramel,  or  essentia  bina,  689  ;  vegetable 
bitters,  689  ;  picric  acid,  690 ;  cocculus 
indicus,  690  ;  strychnin,  691  ;  extraction 
and  properties  of  strychnin,  691 ;  analy- 
ses of  beer  for  strychnin,  692  ;  narcotics, 
693  ;  carminatives,  693  ;  mineral  adul- 
terants, 693  ;  addition  of  salt  and 
sulphate  of  iron,  694  ;  evidence  as  to  the 
adulteration  of  beer,  694.  Mr.  Child's 
receipt  for  making  porter,  696  ;  the 
adulteration  of  malt  and  hops,  698. 
Results  of  the  examinations  of  porter  and 
stout,  698  ;  ignorance  of  the  Excise,  700. 
Detection  of  the  adulterations  of  malt 
beverages,  700  ;  determination  of  added 
water,  700.  Detection  of  cane  sugar,  700 ; 
liquorice,  701 ;  burnt  sugar,  701 ;  vege- 
table bitters,  702.  Mr.  Sorby  on  the 
detection  of  calumba  root,  702.  Detection 
of  picric  acid,  702  ;  picrotoxin,  703  ;  nux 
vomica  and  stryclmin,  opium  and  mor- 
phin,  and  tobacco  and  nicotin,  704.  Mr. 
Rodgers'  process  for  the  detection  of 
strychnin,  705.  Detection  of  carmin- 
atives, 705 ;  estimation  of  sulphate  of 
iron,  706  ;  of  alum,  705  ;  salt,  706  ;  lime, 
soda,  potash,  and  sulphiu^c  acid,  706. 
Detection  of  cream  of  tartar,  706  ;  analy- 
ses of  the  ash  of  beer,  706.  Detection  of 
the  adulterations  of  hops,  707. 
Maltose,  672. 

Manihot  AimowHOOT,  370,  381. 
Manna,  221. 
Manzanilla,  770. 
Maranta  Arhowboot,  364. 
Marsh  Water,  68. 
Mausala,  770. 

Mo  Ad  AM,  Dr. ,  on  the  adulteration  of  tsa,  127. 
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Meap,  analyses,  5. 

'•'liAT  unwholesome  and  diseased,  4'*, 
composition  of  fresh  meat,  474 ;  com- 
position of  the  ash  of  meat,  4-4, 
general  characters  and  exammation 
of  meat,  475  ;  psorospermia,  47(i  ;  poison- 
ous but  not  diseased  meat,  476  ;  poison- 
ous fish,  oysters,  mussels,  &o.,  477  ;  putnd 
meat,  477  ;  sausage  poison,  477  ;  Mseasecl 
meat,  478.  The  diseases  of  cattle,  47»  , 
parasitic  diseases,  480  ;  cysticercus  cellu- 
losus,  480  ;  ta;nia  soUum,  T.  mediocanel- 
lata,  T.  echinococcus,  4S0  ;  coenimis  cere- 
braUs,  480 ;  trichina  spiralis,  480  ;  the  rot, 
fluke,  distoma  hepaticum,  481  ;  stron- 
gvlus  filaria,  482.  ,  .  ., .  « 

Itei-rs,  potted  and  fish,  483  ;  defimtion  of 
adulteration,  483;  adulterations,  483. 
Besults  of  the  examination  of  samples, 
483.  Detection  of  the  adulterations  ot 
potted  meats  and  fish,  485. 

MeRCUIIy,  detection,  552. 

Microscope,  importance  ot,  to  aetect 
adulteration,  855. 

MiCROZYMES  in  water,  54. 

Mildew,  314. 

Milk,  value  as  food,  5.       ...  .„ 
Milk,  definition,  388  ;  composition  of  mdl!:, 
388  •  skim  milk,  389  ;  butter  milk,  389  ; 
cream,  389;   butter,  389  ;   curds  and 
whey,  389  ;  cream  cheese,  389  ;  ordmary 
cheese,  389  ;   analyses   of    cow's  and 
human  milk,  390  ;   casein,  390 ;  albu- 
men or  lacto-protein,  391  ;  milk  sugar 
or  lactose,  392  ;  galactose,   392  ;  pre- 
paration of  milk  sugar,    392  ;  compo- 
sition of   fat  of  milk,  393  ;  mmeral 
matter,  393  ;  analyses  of  the  ash  of  milk, 
393  •  total  soUds,  394  ;  composition  of 
cream,  395  ;   analyses,  395;  preserved 
and  condensed  milk,  395  ;  analyses,  396  ; 
milk  powder.  396  ;  koumiss,  396  ;  analy- 
ses of  milk,  397  ;  estimation  of  total  solids, 
398  ;  fat,  398  ;  sugar,  398  ;  casein,  399  ; 
albumen,  399  ;   the  specific  gravity  of 
genuine  milk,  399  ;  table  showing  the_ 
variations  in   the   specific  gravity  of 
genuine  milk,  400  ;  gravity  of  skim  milk, 
401 ;  ditto  of  the  serum  of  milk,  tables, 
402;  variations  in  the  composition  of 
milk,  403  ;  influence  of  age,  403  ;  con- 
dition, 403;  food,  403  ;  temperature,  404  ; 
the  time  and  frequency  of  milking,  405  ; 
the  housing  of  cows,  407  ;  characteristics 
of  good  milk,  407,  figs.  124,  125, 126,  and 
127  ;  blue  milk,  409  ;  colostrum,  410,  fig. 
128 ;  the  apparatus  employed  to  deter- 
mine the  purity  and  quality  of  milk,  411, 
fig.  129 ;  centesimal  galactometer,  411, 
jig.  130;  method  of  determining  the 
cream,  414  ;  creamometer,  414,  fig.  131 
Donn6's  lactoscope,  417  ;  the  adultera- 
tions of  milk,  418.  Results  of  the  exami- 
nation of  samples,  419  ;  the  adulterations 
of  cream,  420.   Detection  of  the  adultera- 
tions of  milk,  420.   Detection  of  added 


water,  420.  Horsley's  method  of  analysis, 
424.  Detection  ot  sugar,  425  ;  starch,  425  ; 
gum  arable  and  gum  tragacanth,  425, 
cerebral  matter,  426,  fig.  132  ;  chalk,  426  ; 
carbonate  of  magnesia,  427  ;  salt,  427  ; 
lead  copper,  and  zinc,  427  ;  annatto,  427  ; 
turmeric,  427.  Detection  of  the  adidtera- 
tions  of  cream,  427. 
Milk  Sugam,  392. 
Millet,  308,  325. 

Millstone  Grit,  waters  fi-om,  67.  ^ 
Mlseiial    CONST1T0BNTS  of  the  annual 

body,  3  ;  of  water,  18. 
Molasses,  222,  225. 
Moral  bearings  ot  adulteration,  aos. 
MoRPHLM,  detection  iu  beer,  704. 
Moselle  Wine,  784. 
Must,  composition,  716. 
Mustard,  definition  of  adulteration,  &iu 
preparation,   510;    composition,  510 
original    analyses   of    mustard,  oil 
myronic  acid,  512  ;  oil  of  mustard,  512 
myrosin,  512  ;  svdphocyanide  ot  smapm 
512;  the    analysis  of  mustai-d,  513 
estimation    of    myronic     acid,  _  513 
myr-osin  and  of  sulphocyarade  of  smapm, 
513;    analyses  of  samples  of  genuine 
mustai-d   of  dlEferent    qualities,  514; 
analyses  of  mixed  or  adulterated  mus- 
tard, 515;  tiumeric  in  mustard,  517; 
structure  of  mustard  seed,  517  ;  white 
mustard  seed,  517,  fitjs.  146, 147,  and  148  ; 
black  mustard  seed,  519,  fig.  149  ;  tbe 
adulterations  of  mustard,  519.  figs.  loO  and 
151.     Detection  of  the  adulterations  of 
mustard,  523  ;  of  the  organic  adultera- 
tions, 523  ;  structure  of  stnapis  arvensis 
or  charlock,  525,  fig.  152  ;  of  rape  seed, 
526,  Hgs.  153,  155,  and  156.   Detection  of 
the  inorganic  adulterations,  528. 
Myronic  Acid,  512. 
Myhosin,  512. 


Nicotin,  detection  in  beer,  704. 

Nitrates  and  Nithites,  estimation  m 
water,  77,  80. 

Nitric  Acid  in  water,  33. 

Nitrogen,  estimation  in  tea,  106.  ^ 

Nitrogenous  Substances,  composition,  1. 

Nitrous  Acid,  estimation  in  water,  84. 

Nutmegs,  plant  from  which  they  are  ob- 
tained, 570  ;  kinds  of  nutmegs  met  with 
In  commerce,  570;  nutmeg  insect,  570  ; 
composition  of  nutmegs,  570.  Bonastre  s 
analysis,  571  ;  structure  of  nutmegs, 
571,  fig.  ISO;  adulterations,  572.  Detec- 
tion of  the  adulterations,  573. 

Nux  Vomica,  detection  in  beer,  704. 


Oat  Flour,  297. 

Oatmeal,  value  as  food,  5. 

Oatmeal,  definition  of  adulteration,  358  ; 
analyses,  298  ;  composition,  varieties 
and  qualities  of  oatmeal,  358 ;  the  adul- 
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terations  of  oatmeal,  358.  Results  of  the 
examiuatioa  o£  samples,  359.  Properties 
of  oatmeal  and  barley  meal,  360.  Detec- 
tion of  the  adulterations  of  oatmeal,  361 ; 
with  rabble,  361  ;  with  barley  meal, 
361,j?gr.  109  ;  with  rice  and  maize,  362. 

CEnauthic  Acid,  723. 

CENANTino  Ether,  724. 

Opium,  detection  in  beer,  704. 

Organic  Acids  in  water,  62. 

OaaANic  Constituents  of  water,  19. 


Paradise,  grains  of,  591. 

Pabties  guilty  of  adulteration,  838. 

Patents  for  the  preservation  of  food,  10. 

Peas,  value  as  food,  5  ;  composition,  885. 

Pecuniary  Bearings  of  adulteration. 

Penicillium  Glaucum,  315. 

Pepper,  deBnition  of  adulteration,  529  ; 
plants  which  yield  pepper,  529 ;  varie- 
ties of  pepper,  530;  composition,  530; 
piperine,  531  ;  structure  of  pepper,  531, 
figs.  156,  157, 168,  159,  and  160  ;  adultera- 
tions, 537.  Besults  of  the  examination 
of  samples,  537  ;  pepper  dust,  538  ; 
artificial  peppercorns,  538  ;  the  presence 
of  mineral  matter  in  pepper,  538  ; 
table  of  analyses  of  pepper  ash,  539. 
Detection  of  the  adulterations  of  pepper, 
540  ;  structure  of  linseed  meal,  540, 
fig.  161  ;  pea  flour,  542.  Detection  of 
pepper  husks,  542  ;  of  factitious  pepper 
berries,  642  ;  of  sulphate  of  lime  and 
bone  dust,  542. 

Permanganate  Test,  danger  of  reliance 
on,  71. 

Perby,  708,  712. 

Petiotised  Wine,  753. 

Phosphoric  Acid,  estimation  in  water,  87  ; 
in  tea,  110  ;  in  wine,  750. 

Pickles  and  their  adulterations,  644; 
definition  of  adulteration,  644;  the 
greening  of  pickles,  645.  Results  of 
analysis  of  samples,  645 ;  the  addition 
of  copper,  646  ;  of  pjTToligneous  acid, 
646.  Detection  of  the  adulterations  of 
pickles,  647.  Detection  and  estimation  of 
copper,  647. 

Picric  Acid,  690  ;  detection,  702. 

Picrotoxin,  690  ;  detection,  703. 

PniENTO,  or  AiLSPiCE,  581  ;  composition, 
581  ;  light  oil  of  pimento,  581 ;  heavy 
oil  of  pimento,  581.  Bonastre's  analyses 
of  pimento  berries,  582  ;  stracture  of 
aUspice,  582,/5r«.  185,  186,  187,  and  188  ; 
the  adulterations  of  allspice,  585.  Detec- 
tion of  the  adultei-ations,  585. 

Piperine,  531. 

Plastehing  op  Wine,  756. 

PoLARiscoPE,  estimation  of  sugar  by 
means  of  the,  234. 

Polenta,  302. 

Pollen  in  honey,  269. 

Porter.  See  Malt  Beverages,  669. 

Pout  Wd™  and  its  adulterations,  776  ; 


]orupiga,  776 ;  table  of  analyses  of  port 
wine,  777  ;  Catalan,  778 ;  receipts  for 
the  manufacture  of  spurious  port,  779. 

Potash,  estimation.  111. 

Potash  water,  663. 

Potatoes,  value  as  food,  5. 

Potato  Arrowoot,  371. 

Potato  Spirit,  preparation,  818. 

Potato  Sugar,  223. 

Precipitation,  purification  of  water  by,  36. 
Preservation  of  Food,  7  ;  by  elevation  of 
temperature,  7  ;  reduction  of  temperature, 

8  ;  exclusion  of  air,  8 ;  employment  of 
sugar,  8  ;  compression,  8  ;  removal  of 
water,  8 ;  extraction  with  water  and 
subsequent  inspissation,  9  ;    by  alcohol, 

9  ;  acetic  acid,  9  ;  creosote,  9  ;  charcoal, 

10  ;  sulphurous  acid,  10  ;  patents  for  the 
preservation  of  food,  10. 

Preserves  and  Jellies,  500  ;  definition  of 
adulteration,  500  ;  adulterations,  500, 
fig.  139  ;  Orris  root,  502,;S<7.  140.  Results 
of  analyses  of  samples,  503  ;  copper  in 
jams  and  jellies,  604.  Detection  of  the 
adulterations  of  jams,  505,  141 ;  of 
apple  and  turnip,  5m,  figs.  142,143,144, 
and  145  ;  fuchsin,  508. 

Prevalence  op  Adulteration,  causeso 
837. 

Proprietary  Alimentary  Preparations, 
ervalenta,  382,  fig.  121  ;  dari  or  durra, 
382  ;  revalenta,  383,  fig.  122.  Butler  and 
McCuUoch's  prepared  lentil  powder,  383  ; 
Arabian  revalenta,  383  ;  patent  flour  of 
lentils,  383  ;  legumin,  383  ;  composition 
of  peas,  beans,  and  lentils,  383  ;  farina- 
ceous foods,  386, /gr.  123.  Detection  of  the 
composition  of  proprietary  alimentary 
preparations,  387. 

Prussian  Blub,  in  tea,  142. 

PSOROSPERMIA,  476. 

PuociNiA  Graminis,  313  and  314. 
Pure  "Water,  analyses,  68. 
PuRiPicATioN  OP  Water,  26. 
Purity  op  Drinking  Water,  standard  of, 
57. 

Pybolignkous  Acid,  634. 


Racbmic  Acid,  746. 
Ragee,  or  Rakki,  308. 
Rain  Water,  16. 
Rape  Seed,  526. 

Remedies  for  Adulteration,  854. 

Rennet,  modus  operandi,  449, 

Respiration,  2. 

Revalenta,  383. 

Rice,  value  as  food,  5. 

Rice  Flour,  305  and  372. 

Rodgers'  method  for  the  detection  of 

strychnin,  705. 
RoussiLLON  Wines,  780. 
Rubble,  361. 
Rum,  807. 
Rust,  313. 
Rye  Flour,  294. 


INDEX. 


893 


SACCHARunmiY,  234. 
SACCHAitoSE,  221  and  225. 
Sago,  definition  of  adulteration,  375  ;  the 
different  plants    from  which  sago  is 
obtained,    375  ;    raw  sago  meal,   375 ; 
sago  flour,  375  ;  characters  of  the  starch 
corpuscles,  375,  figs.  116  and  117 ;  the 
adulterations  of  sago,  376;  factitious 
sago,  376,  fig.  118.  Results  of  the  exami- 
nation of  samples,  377.   Detection  of  the 
adulterations,  378. 
Sainfoin,  or  Yellow  Rattle,  325. 
Sale  of  Food  and  Drugs  Act,  873 . 
Sand  and  Gravel,  waters  from,  67. 
Sand  Rock,  waters  from,  67. 
Sanderson,  Dr.  Burdon,  on  microzymes 

in  water,  54. 
Sanitary  Bearings  of  Adulteration,  850. 
Sauces  and  their  adulterations,  658  ; 
definition  of  adulteration,  658  ;  composi- 
tion of  sauces,  658.  Results  of  the  exami- 
nation of  samples,  658  ;  walnut  catsup, 
660. 

Sausage  Poison,  477. 
Scarlet  Fever,  caused  by  impure  water, 
64. 

Selenitic  waters,  68. 
Sewage,  collection  of  samples  for  analysis, 
69. 

Sewage  Contamination,  30. 
Sherry  and  its  adulterations,  766 ;  cultiva- 
tion and  preparation,  766  ;  Amontil- 
lado, 766 ;  genuine,  fortified,  and  adul- 
terated sherries,  766  ;  Dr.  Thudichum  on 
the  manufacture  and  adulteration  of 
sherry,  768  ;  mixing  stations,  769 ; 
ManzaniUa,  770 ;  Marsala,  770  ;  table  of 
analyses  of  sherry,  771. 

SUTINGS  of  tea,  133, 

pTT.THA,  estimation.  85,  111. 

Sdjapik,  Sulphocyanide,  512. 

Smut,  or  Dust  Brand,  314. 

Soda,  estimation  in  water,  86. 

Soda  Water,  663. 

Softening  of  Water,  24. 

Soleras,  792. 

Solids  in  Water,  determination,  83. 

SoRBY  on  the  detection  of  the  adulteration 
of  beer,  702. 

Specific  G-ratttt  Bottle,  800. 

Spectrum  Analysis  applied  to  the  detec- 
tion of  adulterations  in  beer,  702;  in 
wine,  790. 

Spices,  554  ;  definition  of  adulteration, 
5.54  ;  enumeration  of  spices  as  ginger, 
cinnamon,  cassia,  nutmegs,  mace, 
cloves,  aUspice  or  pimento.  See  the 
separate  headings. 

Spice,  mixed,  586,  fig.  189 ;  composition, 
586 ;  adulteration,  588.  Detection  of  the 
adulterations,  588. 

Spirituous  Liquors  and  their  adultera- 
tions, 793  ;  the  formation  of  alcohol,  793  ; 
preparation  of  absolute  alcohol,  795 ; 
fnsel  oil,  795  ;  properties,  796.  Detection, 
796;  defuselatlon  of  alcohol,  797 ;  physio- 


logical action,  797  ;  methods  of  estima- 
ting the  quantity  of  alcohol  present  in 
any  spirituous  liquid,  798;  sacoharometers, 
798  ;  Sykes's  hydrometer,  799  ;  centesimal 
alcoholometer,  799  ;  ebullioscope,  800  ; 
alcoholometrio  dilatometer,  800  ;  specific 
gravity  bottle,  800  ;  alcoholometrical 
table  of  TraUes,  801.  Detection  of  fusel 
oil,  803.  Brandy,  definition  of  adultera- 
tion, 803  ;  preparation,  803  ;  cognac,  803  ; 
strength  of  brandy,  804  ;  adulterations, 
804  ;  British  brandy,  804.  Results  of  the 
examination  of  samples  ,  806.  Detection 
of  the  adulterations,  806  ;  water,  806  ; 
extraneous  spirit,  807  ;  sugar,  807  ; 
Cayenne  pepper  and  grains  of  paradise, 
807.   Rum,  definition  of  adulteration, 

807  ;   preparation,  807 ;  adulterations, 

808  ;  lead  in  mm,  808.  Results  of  the  ex- 
amination of  samples,  809.  Detection  of 
the  adulterations,  809.  G-IN,  definition  of 
adulteration,  809  ;  preparation  and  com- 
position, 810  ;  adulterations,  810  ;  with 
alum,  carbonate  of  potash,  and  acetate  of 
lead,  810  ;  gin  flavourings,  811 ;  to  pre- 
pare and  sweeten  British  gin,  812. 
Results  of  the  analysis  of  samples,  813. 
Detection  of  the  adulterations,  814 ; 
estimation  of  water,  814  ;  alcohol,  814  ; 
sugar,  815.  Detection  of  carminatives 
and  flavouring  substances,  816 ;  cherry 
laurel  water,  or  spirit  of  almond  cake, 
815 ;  estimation  of  combined  and  free 
sulphuric  acid,  816.  Detection  of  altmi, 
816  ;  lead,  817  ;  sulphate  of  zinc,  817  ; 
ignorance  of  Excise,  817 ;  preparation 
of  potato  spirit,  818. 

Standakd  op  Purity  of  drinking  water, 
57. 

Starch,  composition,  3. 
Stout.   See  Malt  Beverages,  669. 
Sthonoylus  Fit,  art  a,  482. 
Strychnin,  691.  Detection,  704. 
Succinic  Acm,  721.   Detection,  746. 
Sugar,  value  as  food,  5  ;  composition,  3. 
SuGAH  OF  Wine,  718  ;  estimation,  734. 
SuGab-Cane,  composition,  229. 
SUGAR-MiTE,  242. 

Sugab,  definition  of  adulteration,  220 ; 
various  kinds  of  sugar,  220  ;  dextrose 
and  kevulose,  220  ;  galactose,  221 ;  sac- 
charose or  cane  sugar,  221  ;  preparation 
of  sugar,  221  ;  from  the  cane,  221 ;  raw 
or  Muscovado  sugar,  222 ;  treacle  or 
molasses,  222  ;  preparation  from  beet 
root,  222  ;  from  the  sugar  maple,  223  ; 
preparation  of  glucose  from  potatoes, 
223  ;  the  refining  of  sugar,  224 ;  crushed 
sugar,  225  ;  molasses,  225  ;  properties  of 
cane  sugar,  225  ;  crystals,  226,  fig.  60  ; 
table  of  specific  gravities  of  solutions, 
227  ;  decompositions,  227  ;  composition 
of  the  sugar  cane,  229  ;  analyses  of  cane 
juice,  230 ;  of  raw  sugars,  230 ;  compo- 
sition of  the  tuber  of  the  sugar  beet, 
231 ;  of  the  ash  of  the  sugar  cane,  231  • 
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asti  of  raw  sugar  and  molasses,  231 ;  the 
analysis  of  sugar,  232  ;  estimation  o£ 
water,  232  ;  ash,  232  ;  suspended  matter, 
232  ;  glucose,  232  ;  cane  sugar,  233  ; 
saccharimetry,  234  ;  the  estimation  of 
sugar  by  means  of  the  polarisoope,  234  ; 
angles  of  rotation  of  different  sugars, 
235  ;  separation  of  cane  from  fruit  sugar, 
236 ;  structure  of  the  sugar  cane,  236, 

'  Jigs.  61.  62,  and  63  ;  physiological  action 
and  properties  of  cane  sugar,  240  ;  the 
impurities  of  unrefined  or  brown  sugar, 
240  ;  the  fungus  in  sugar,  U\,flg.  67  ;  the 
sugar  mit?,  242,  figs.  64,  65,  and  66  ;  the 
^grocers'  itch,  244;  fibre  of  fir,  fig.  68. 
Results  of  the  examination  of  samples, 
246 ;  the  adulterations  of  cane  sugar, 
247.  Detection  of  the  adulterations,  248. 
Detection  of  gum,  249 ;  of  farinaceous 
substances,  249  ;  starch  sugar,  249  ;  car- 
bonate of  lime  or  chalk,  249  ;  sulphate 
of  Ume  or  gypsum,  249  ;  bone  earth  or 
phosphate  of  lime,  249 ;  chloride  of 
sodium,  249  ;  sand,  249. 

SUGAB  CONHSOTIONEBT,  Coloured,  251  ; 
definition  of  adulteration,  251 ;  adultera- 
tions, 251.  Results  of  the  examination  of 
samples,  251;  poisonous  substances  used  to 
colour  sugar  confectionery,  254;  flavouring 
with  essences,  265  ;  poisonous  papers 
used  as  wrappers,  256  ;  lists  of  colours, 
the  use  of  which  may  be  permitted  and 
prohibited,  256  ;  aniline  dyes,  258.  De- 
tection of  the  adulterations  of  sugar  con- 
fectionery, 269  ;  vegetable,  animal,  and 
mineral  reds,  260.  Detection  of  yeUow 
colours,  261  ;  of  blue  colours,  262  ;  green 
colours,  263  ;  brown  and  purple  colours, 
264 ;  of  bronze  powders,  264 ;  chalk, 
plaster  of  Paris,  and  clay,  265.  Detection 
of  different  kinds  of  starch,  265. 

SuLPHuaic  Acm,  estimation,  85,  639,  and 
751. 

SuLPHTJHBTTBD  HYDROGEN  in  Water,  esti- 
mation, 84. 

Supply  op  Water  per  head,  61. 

SuHFAOB  and  Subsoil  waters,  68. 

Suspended  Matters,  estimation  in  water, 
91. 

Sutton,  Mr.,  on  the  adulteration  of  tea, 
127. 

Sykes'  Htdbometee,  799. 


Tacca  Abbowroot,  369. 

TlMsix  Solium,  T.  mediocanellata,  T.  echi- 
nococous,  480. 

Tannin,  estimation,  108,  744,  723, 

Tapioca,  definition  of  adulteration,  379  ; 
plants  from  which  it  is  obtained,  379 ; 
characters  of  the  starch  corpuscles,  380, 
fi^s.  119  and  120.  Manihot  or  Brazilian 
arrowroot,  381 ;  the  adulterations  of 
tapioca,  381.  Results  of  the  examination 
of  samples,  381 ,  Detection  of  the  adultera- 
tions, iJ81. 


Tartaric  Acid,  720.  Detection  and  estima- 
tion, 666,  743. 

Tabtamc  Ether,  724. 

Tartrate  op  Potash,  estimation,  743. 

Tea,  definition  of  adulteration,  92  ;  growth 
and  preparation,  92  ;  gathering,  92  ;  black 
and  green  tea,  92  ;  scenting,  93  ;  principal 
kinds  of  black  tea,  93  ;  of  green  tea,  93  ; 
form  of  tea  leaves,  95,  figs.  18  and  19  ; 
minute  structure,  95,  figs.  20,  21,  and  22  • 
composition  of  tea,  97  ;  extractive 
matter,  98;  analyses,  99;  theme,  100; 
volatile  oU,  101  ;  mineral  matter,  101 ; 
composition  of  ash,  103  ;  properties  of 
tea,  104 ;  analysis  of  tea,  106  ;  soluble 
and  insoluble  constituents,  106  ;  estima- 
tion of  nitrogenous  matter,  106  ;  water 
and  ash,  106  ;  volatile  oil,  107 ;  thetne, 
107  ;  tannin,  108  ;  gum,  110  ;  cellulose, 
110  ;  analysis  of  ash,  110  ;  estimation  of 
phosphoric  acid,  110 ;  potash.  111 ; 
silica.  111 ;  iron.  111  ;  adulteration  of 
tea,  112  ;  mth  foreign  leaves,  112,  fi<js. 
25,  26,  and  27  ;  with  lie  tea,  114,  figs.  23, 
24,  and  28 ;  mineral  matter  in  he  tea, 

117  ;  adulteration  with  mineral  matter, 

118  ;  quantities  of  magnetic  oxide  of  iron 
extracted  by  the  magnet,  119  ;  no  iron 
fihngs  in  tea,  120 ;  artificial  coloration 
and  adulteration,  122  ;  percentage  of  ash 
in  artiflciaUy-coloured  green  tea,  123  ; 
ash,  silica,  and  iron  in  faced  green  teas, 
124  ;  evidence  of  travellers  on  the  facing 
of  tea,  124 ;  evidence  before  the  Parlia- 
mentary committee  on  adulteration,  126  ; 
results  of  the  examination  of  caper,  gim- 
powder,  and  other  teas,  129  ;  table  of 
adulterated  caper  teas,  130;  table  of 
adulterated  gunpowder  teas,  131  ;  copper 
in  tea,  131 ;  sulphate  of  iron,  132 ;  tea 
siftings,133;  percentage  of  extractive  mat- 
ter and  of  theine  in  adulterated  teas,  133; 
Birmingham  tea  prosecutions,  134;  the 
adulteration  of  tea  as  practised  in  this 
country,  13i,figs.  29,  30,  and  31.  Detec- 
tion of  the  adulterations,  138  ;  of  foreign 
leaves,  138  ;  exhausted  tea  leaves,  139  ; 
lie  tea,  140  ;  quartz,  sand,  and  magnetic 
oxide  of  iron,  141 ;  the  facing  of  tea,  141 ; 
ferrocyanide  of  iron  or  Prussian  blue, 
142  ;  indigo,  142  ;  turmeric,  143  ;  black 
lead,  143 ;  china  clay,  143  ;  silicate  of 
magnesia  or  soap  stone,  143  ;  sulphate  of 
Ume  or  gypsum,  144  ;  other  substances 
used  for  the  facing  of  tea,  144. 

Theine,  properties  and  composition,  100 ; 

estimation,  107. 
Thudichum,  Dr.  on  the  manufacture  and 

adulteration  of  sherry,  768. 
Tidy,  Dr.  C.  M.,  on  the  adulteration  of 

tea,  128. 
Tobacco,  detection  in  beer,  704. 
Treacle,  222. 
Trichina  spiralis,  480. 
Tripoil,  326. 

TuBMEBic,  699 ;  definition  of  adulteration, 


INDEX. 


895 


snn  ;  composition,  599  ;  structure,  GOO, 
figs,  ins  and  litG  ;  adulterations  oJ  ter- 
nieric,  601.  Detection  of  the  adulterations, 
GDI.  ^ 
TrrHoro  Fever  caused  by  impure  water,  64. 


Urea,  2. 

tJiiEDO,  310  and  313. 

ITmc  Acid,  2.  . 

TJtex?!!.'^  employed  in  tlie  preparation  and 
storage  of  food,  810  ;  action  of  the  food 
on  the  vessels,  819  ;  copper  vessels,  820  ; 
iron,  brass,  and  tin  vessels,  820;  brass, 
821 ;  glazed  vessels,  822  ;  lead,  823  ;  zmc, 
823  ;  pewter,  823  ;  metal  pipes  and  taps, 
824.' 


VEGET  UiLES  and  Fhotts,  bottled,  493. 

Tegetahles,  tinned,  498  ;  definition  of 
adulteration,  498;  adulteration  with 
sulphate  of  copper  or  bluestone,  498. 

VIBRIO^•Es,  316. 

VrNECAR  and  its  adulterations,  G28  ;  defi- 
nition of  adulteration,  628 ;  formation 
and  occurrence  of  acetic  acid,  629  ; 
diEEtrent  kinds  of  vinegar,  629  ;  malt 
vinegar,  630  ;  wine  vinegar,  630  ;  sugar, 
beet,  and  cider  vinegars,  631 ;  distUled 
vinegar,  631 ;  the  vinegar  fungus,  631  ; 
the  quick  vinegar  process,  632,  fig.  204  ; 
maniLfactnre  of  acetic  acid  from  wood, 
633  ;  pjToligneous  acid,  G34  ;  properties  of 
acetic  "acid,  634  ;  different  qualities  ^of 
vinegar,  634;  the  adulterations  of 
vinegar.  635;  evidence  in  regard  to  the 
use  of  corrosive  sublimate,  636.  Results  of 
the  analyses  of  samples,  G37  ;  contami- 
nation with  metals,  638.  Detection  of 
the  adulterations  and  impurities,  638  ; 
determination  of  acetic  acid,  639 ;  of 
sulphuric  acid,  639  ;  estimation  of 
mineral  acids,  641.  Detection  of  chillies 
and  other  acrid  substances,  642  ;  burnt 
sugar,  642  ;  pyrohgneous  acid,  G42  ;  bitar- 
trate  of  potash,  G42  ;  malic  acid,  642. 
Detection  of  metallic  impurities,  642  ;  iron 
and  zinc,  643. 
VoELCKEit,  Dr.,  on  the  adulteration  of  tea, 
128. 


■Wakley's  evidence  on  the  adulteration  of 
annatto,  G22. 

Waxklyx  on  the  adulteration  of  tea,  128  ; 
of  cocoa,  219. 

Wankltn's  ANT)  Fhanklaot'.s  methods  of 
water  analysis  compared,  80. 

Wartiixotox's  Method  for  the  detection 
of  minute  quantities  of  copper,  626. 

■Water  from  ice,  15 ;  from  snow,  16  : 
rain,  IG ;  distilled,  17 ;  constituents, 
miner.il,  18 ;  gaijeous,  19 ;  organic, 
19  ;  injurious  properties  of  some  waters, 
on  what  do  they  depend,  20 ;  hardness, 


20 ;  softening,  24 ;    quality  of  water, 

25  ;  purification,  26 ;  by  decomposition, 

26  ;  by  oxidation,  27  ;  skeleton  of  sew- 
age, 30 ;  organic  matter,  ammonia, 
nitric  acid,  significance,  32  ;  nitric  acid 
the  representative  of  decayed  organic 
matter  in  water,  33  ;  previous  sewage 
contamination,  33  ;  purification  by 
filtration,  35  ;  by  precipitation ,  361;  Uving 
organisms  in  potable  water,  37,  figs. 
1 — 17 ;  fcecal  matter  ui  water,  52 ; 
importance  of  the  microscope  in  the 
examination  of  water,  53  ;  microzymea 
54 ;  standard  of  purity  of  drinkuig 
water,  57  ;  analyses  of  pure  drinking 
waters,  58  ;  of  impure  waters,  59  ;  supply 
of  water  per  head,  61  ;  impure  water  a 
source  of  disease,  Gl  ;  organic  acids  in 
water,  G2 ;  affections  of  the  stomach, 
dyspepsia,  by  the  use  of  impure  water, 
63 ;  diarrhoea,  63 ;  dysentery,  63 ; 
cholera,  64 ;  typhoid  fever,  64 ;  scarlet 
fever,  64 ;  malarious  fever  and  ague,  64  ; 
goitre,  G5  ;  entozoa,  65  ;  lead  in  water, 

65  ;  action  of  water  on  lead,  zinc,  fcc, 

66  ;  effect  of  geological  formation  on 
the  composition  of  water,  67  ;  analysis 
of  water,  68  ;  collection  of  samples,  68  ; 
collection  of  sewage,  69  ;  microscopical 
examination,  69 ;  physical  characters 
and  appearance,  69  ;  colour  and  clear- 
ness, 69 ;  smell  of  water,  69 ;  taste,  70 ; 
quaUtative  chemical  tests  ;  70  ;  danger 
of  reliance  on  the  permanganate  test, 
71 ;  quantitative  analysis,  73  ;  estima- 
tion of  organic  matter,  73  ;  ammonia, 
method  of  water  analysis,  74  ;  estimation 
of  free  ammonia,  75  ;  albuminoid  ammo- 
nia, 76  ;  estimation  of  nitrogen  present  as 
nitrates  and  nitrites,  77.  Frankland's 
method  of  water  analysis,  77,  figs.  15  and 
17  ;  Frankland's  method  for  estimating 
the  nitric  and  nitrous  acids,  SO,  fig.  IG  ; 
mineral  constituents  of  water,  determi- 
nation, 83  ;  solid  residue,  83  ;  chlorine, 
83 ;  nitrous  acid,  84 ;  estimation  of 
dissolved  gases,  84 ;  sulphuretted  hydro- 
gen, 84 ;  sulphuric  acid,  85  ;  silica, 
iron  and  alumina,  lime  and  magnesia, 
84  ;  soda,  86  ;  combined  carbonic  acid, 
86  ;  phosphoric  acid,  87  ;  calculation  of 
results,  87  ;  determination  of  hardness, 
88;  total  permanent  and  temporary 
hardness,  determination,  90 ;  lead  and 
copper,  detection  and  estimation,  90 ; 
suspended  matters,  91. 

Waters,  Aerated,  and  their  adulterations, 
661 ;  definition  of  adulteration,  661  ; 
manufacture,  661  ;  soda  water,  663  ; 
potash  water,  663  ;  lemonade,  663  ; 
ginger  beer,  664 ;  the  adulterations  of 
aerated  waters,  665  ;  metalUo  contamina- 
tions, GG6  ;  the  analysis  of  aerated  bever- 
ages, 666 ;  estimation  of  the  carbonio 
acid,  667. 

Wax,  271. 
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Wbevil,  318. 

Wheat  Flouh,  270. 

Wheat  Midge,  319. 

Wines,  Australian,  785  ;  analyses,  785. 

Wines,  French,  770  ;  wines  of  the  Roussil- 
lon  district,  780  ;  Perpignan,  Languedoo, 
and  St.  Grilles,  780  ;  Bordeaux  wines, 
780  ;  Burgundy,  780  ;  champagne, '  781, 
preparation,  782  ;  sparkling  hock,  782  ; 
liqueurlng  of  champagne,  783  ;  goose- 
berry, apple,  pear,  and  rhubarb  cham- 
pagnes, 783. 

Wines,  German,  784  ;  Moselle  wine,  784. 

Wines,  Greek,  784. 

Wine  and  its  adulterations,  715  ;  definition 
of  adulteration,  715  ;  the  manufacture  of 
wine,  715 ;  composition  of  the  grape, 
71fi  ;  of  the  juice  or  must,  716  ;  of  wine, 
718  ;  sugar  of  wine,  718  ;  glycerin,  719  ; 
alcohol,  719  ;  acids,  720 ;  tartaric  acid, 
720  ;  malic,  721 ;  succinic,  721 ;  acetic, 
722 ;  the  fatty  acids,  723 ;  oenanthic 
acid,  723  ;  tannic,  723  ;  ethers  of  wine, 
724 ;  oenanthic  ether,  724 ;  tartaric, 
724 ;  bouquet  of  wine,  725 ;  colouring 
matters,  726 ;  of  white  wines,  726 ;  of 
red  wines,  720  ;  ammonia,  728  ;  albumi- 
nous matter,  728  ;  mineral  constituents, 
of  the  grape,  729  ;  ash  of  grapes,  729  ; 
mineral  constituents  of  wine,  731 ;  table 
of  averages  of  the  analyses  of  wine,  732  ; 
the  extractives,  734  ;  total  solids,  734  ; 
the  analysis  of  wine,  734  ;  estimation  of 
sugar,  734 ;  alcohol  tables,  736  ;  deter- 
mination of  glycerin,  739  ;  estimation  of 
alcohol,  739  ;  by  conversion  into  acetic 
acid,  741 ;  by  specific  gravity  of  de- 
alcoholised  wine,  741  ;  estimation  of  total 


free  acids,  742  ;  volatile  acids,  743 ; 
bitartrate  of  potash,  743  ;  total  tartaric 
acid,  743  ;  maUc  acid,  744  ;  tannic  acid, 
744 ;  detection  of  racemic  acid,  745 ; 
succinic  acid,  746 ;  formic  acid,  74C; 
estimation  of  ethers  in  wine,  746  • 
Berthelot's  formida,  747  ;  determination 
of  the  albuminous  matter,  747 ;  of 
ammonia,  74!) ;  the  colouring  matters  of 
red  wine,  749  ;  estimation  of  the  mineral 
matter,  750 ;  phosphoric  acid,  750  ;  sul- 
phuric acid,  751  ;  chlorine,  751 ;  the  total 
solids,  751 ;  sugar  table,  752  ;  the 
adulterations  of  wine,  753 ;  dilution 
and  sweetening  of  the  must,  753  ;  regu- 
lation of  its  acidity,  755 ;  the  colouring 
of  wine,  755  ;  plastering,  756  ;  deplaster- 
ing,  759 ;  fortification,  761 ;  flavouring, 
763  ;  blending,  763  ;  factitious  wines, 
763;  lead  in  wine,  764;  sherry,  766; 
Madeira,  774 ;  Cape  wines,  776  ;  port, 
776  ;  French  wines,  779  ;  German,  784  ; 
Greek,  784 ;  AustraUan,  785.  Detection  of 
the  adulterations  of  wine,  785  ;  of  cane 
sugar,  785  ;  extraneous  spirit,  786  ;  juice 
other  than  that  of  the  grape,  786 ; 
colouring  matters,  787 ;  spectroscopic 
discrimination,  790.  Detection  of  sul- 
phuric acid,  792  ;  of  carbonate  of  soda  or 
potash,  792 ;  lead,  792  ;  soleras,  792. 


Yeast,  334. 


Zinc,  action  of  water  on.  66.  Detection,  643, 

817. 
Zeine,  302. 
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The  Rev.  Sir  EDWARD  REPPS  JODRELL,  Bart., 

To  Messrs.  Fclto  cj-  Sons,  27  Albemarle  Street,  W. 

'  When  i»t  Sail  I  received  an  Analytical  Report  of  yonr  SPECIAL!  TE  SHERRY. 
«nd  Tou  ninst  forgive  ino  for  saying  that  at  first  I  regarded  the  whole  matter  as 
-V  n'0*t  etn-cion^  piece  of  hmnbug.  Having,  however,  tasted  the  wine  in  <inestion,  and 
fomul'it  a'^-eeable  to  the  palate,  I  determined  on  niy  own  responsibiUty,  to  have  it  analysrrt 
lor  inv=clf" having  fuUy  also  determined  previously  to  expose  any  hoax  pro  bono  publico,  ot- 
to "ive  yon  the  benefit  of  the  Analysis  should  it  turn  out  in  yonr  favour.  I  have  the  plcasnre 
to  "forward  yon  Professor  Redwood's  (of  the  Phamacentical  Society  of  Great  Britain> 
Analysis  which  says  more  than  I  can  express.  I  am  very  particular  as  to  the  wine  I  drink, 
and  a.s  I  have  been  hitherto  buying  every-day  Shen-y  at  60s.  a  dozen,  I  am  rejoiced  to  finrt 
DOW  that  1  can  purchase  wine  of  equal  strength  and  superior  bouquet  at  half  th.at  price. 
This  should  be  known  to  the  general  public,  and  you  can  make  any  use  you  deem  prn])eroi: 
this  letter  and  also  of  Professor  Redwood's  most  elaborate  Analysis.— Yours  faithfully, 
'  (Signed)      Edward  Rkpi's  JoDiffii.i..' 

FELTOE  &  SONS 

Are  Sole  Proprietors  and  Importers  of  the 

'  SPEOI ALITE  '  SHERRY 

(registered). 

It  has  Leen  exhibited  as  a  Dietetic  by  special  permissiuu  in  the  Museum  of  the 

BRITISH  MEDICAL  ASSOCIATION. 
Is  now  Adopted  and  Recommended  hy  nearly  3,000  Physicians 
and  Surgeons  for  its  valuable  Dietetic  Qualities. 

'  Free  from  acidity  and  heat ' — The  British  Medical  Journal. 
'  A'aluable  for  Gouty  or  Uric  Acid  tendencies." — Br.  Hardwicke,  Metropolitan 
Anal'/st,  and  Coroner  for  Central  Middlesex. 

'  lias  a  great  medical  reputation.' — Medical  Bccord. 

'  Contains  nothing  foreign  to  the  grape.'— Pro/mo;-  Bedwood's  Analysis 
■above  referred  to. 

'  To  the  meal  of  a  patient  suffering  from  Dyspepsia  it  would  be  valuable' 
Medical  Times. 

'  The  Rev.  Sir  Edward  Eepps  Jodi-ell,  Br.rt.,  has  dene  an  act  of  kindness 
to  the  public' — Church  licview. 

SOs.  per  Dozen.    £18  per  Quarter  Cask.    CASH  ONLY.— Carriage  Paid. 


Chief  Establishment-27  ALBEMARLE  STREET,  W 

City  Offices — 8  Union  Court,  Old  Broad  Street,  E.G. 

Branch  Offices    MincheB;3r  rnd  Brighton. 
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THE  PURE  WINE  ASSOCIATION, 

LIMITED, 

22  Henrietta  Street,  Covent  Garden,  W.C. 

Supply  the  07i!y  Sherries  certifipcl  by  competent-  Analysts  to  be  free  fron> 
Plaster  of  Paris  and  its  effects. 


SHERRIES. 

strength  Price  per  dozert 

Parl'^'!'^'                                     ^'^•^^'^  ^6%  proof  30/-  to  36/- 

^''^  pls?er'^of^a°ris;.?!T!l.!'!!.!^^^^       ^^""^         ^^"Z"  ^^Z"  ^° 

R  E  D  WINES. 

Consume,  Portuguese  Claret,  from  Oporto  Under  26%  proof  24/- 

Collares,  Portuguese  Claret,  from  Lisbon           Ditto  26 1- 

^'inest  Alto  Douro  Ports,  fi-om  Oporto    Prom  30  to  34%  30/-  to  45/- 

Bucellas,  Old      36/- 


The  Alto  Douro  Port,  1869,  is  characterised  in  Drs.  Thubichuji 
and  DtiPHRS  'Treatise  on  Wines,'  page  681,  as  '  line,  full,  pure,  and  of  the 
lowest  alcoholicity  of  any  Port  "Wine  we  have  met  with  in  this  country.' 

Consumo,  in  the  same  Treatise,  as  '  perfectly  pure,  quite  dry,  and  as 
free  from  adventitious  alcohol  as  the  fullest  Burgundies.' 

ExTKACTS  FHo:*t  ANALYSIS  OF  T'n'ELrE  Samples  Selected. 
'  It  thus  appears  that  the  average  amount  of  sulphuric  acid  is  below  that 
obtained  hy  us  from  grapes  fhemselvcs.  ...  We  have  met  with  nothing 
comparable  with  them.  ...  In  conclusion,  it  may  be  said  of  the  Wines 
of  the  Pure  Wine  Association,  that  they  are  remarkable  for  their  freedom 
from  added  spirit  and  from  plaster,  and,  of  course,  from  their  effects.'— 
AnTHUB  Hill  Hassall,  M.D.,  Author  of  'Food,  and  its  Adulterations,' 
•  Adulterations  Detected,'  and  late  Editor  of  '  Food,  Water,  and  Air.' 

Extracts  from  Dr.  Bartlett's  Analysis,  19 th  October  1874. 
'  After  the  most  minute  examination  of  two  samples  of  Sherry,  selected 
and  drawn  by  myself  from  the  general  bulk  of  the  Company's  bins,  I  find 
them  to  1)0  exactly  as  professed,  free  from  Plaster  and  its_  effects.  _  •  •  • 
The  sulphuric  acid  .-ictually  present  in  these  wines  is  less  in  quantity  thaa 
that  found  in  water  certified  to  bo  exceptionally  pure  for  drinking.' 
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HEDGES   &  BXJTLER 

INVITE  ATTENTION  TO  THE  FOLLOWING 

WINES  AND  SPIRITS. 


<3ood  Sherry,  Pale  or  Gold 
Veiy  Choice  Sherry  .. 
Port,  of  various  ages  .. 

Marsala   

Good  Chvret   

Choice  Dessert  Claret 

"White  Bordeaux  

Burgundy  (Eed)  

Chablis   

Sparkling  Champagne 
Hock  and  Moselle 
rine  Pale  Brandy 


24s. 


20s. 

24s. 

30s. 

36s. 

42s. 

per  doz. 

48s. 

64s. 

60s. 

72s. 

24s. 

30s. 

36s. 

42s. 

48s. 

>■» 

20s. 

24s. 

T, 

14s. 

IBs. 

20s. 

24s. 

1» 

30s. 

36s. 

42s. 

48s. 

60s. 

»J 

24s. 

30s. 

36s. 

48s. 

24s. 

30s. 

36s. 

48s. 

60s. 

)? 

24s. 

30s. 

36s. 

48s. 

5» 

36s. 

42s. 

48s. 

60s. 

78s. 

J» 

30s. 

36s. 

42s. 

4Ss. 

60.S. 

r» 

44s. 

48.'(. 

60s. 

72s. 

84s. 

:» 

Pale  Sherry   

Good  Dinner  Sherry 

Pine  Sherry  

Superior  Sherry    . . . 
<Jhoice  Dessert  Sherry 

Old  Sherry   

Old  Solera's 


WINES 

Per  Iiupl.  Gall, 
s.  d. 
...  9 
...  11 
...  14 
...  17  6 
20  6 
23  6 


IN  WOOD. 


6 
6 
6 


6 
8 
9 


£114 


Per  Impl.  Gall 
a.  (?. 
...  11  6  .. 
...  14  6  .. 
...  17  6  .. 
...  20  6 


■Good  Port 
Pine  Port 
Pine  Old  Port 
Choice  Old  Port 

Curious  Old  Port  ... 

Claret    £14  ^17 

Burgundy  (Red  and  White) 
Old  Pale  Brandy  ...  21s 


Per  Octave. 
£   s.  d. 
5  0  . 
0  0  . 
15  0  . 
11  10  0  . 

13  5  0  . 

14  15  0  . 
£125 

Per  Octave. 
£   s.  d. 
...     8  15  0  . 
,..  10    6  0  . 
...  12    0  0  . 
...  13  15  0 
...  £120 
£20  £25 
£20  £30 
24s.  30s. 


Per  Qr.  Cask 
£  i.  d. 
12  0  0 
15  10  0 
19  0  0 
22  10  0 
0  0 
0  0 


Per  Hhd. 

£  s. 
.  23 
.  30 


10 
10 


37  10 
44  10 


26 
29 


51 
57 


Per  Butt. 

£  a. 
..  46  0 
..  60  0 
..  74  0 
..  88  0 
...  100  0 
..  112 


0 


£137  to  £150  per  Butt. 
Per  Qr.  Cask.   Per  Hhcl.   Per  Butt. 
&     s.  d.         ii   s.  £  s, 

..17  0  0  ...  33  10  ...  65  0 
...  20  0  0  ...  39  10  ...  76  0 
..  23  10  0  ...  46  10  ...  90  0 
...  27  0  0  ...  53  0  ...  102  0 
£135  £148  per  Pipe. 
£30    £40    £50    £63  per  Hhd. 


Old  Irish  and  Scotch  Whiskey 


£35    £40    £50  £63 
36s.  per  Imperial  Gallon. 
21s.  per  Imperial  Gallon. 


-\tessr8  HEDGES  &  BUTLEB  iiivite  attention  to  tbeir  extensive  stock  of  CHOICE 
?St  T?'  -PORT  selected  and  bottled  mth  the  utmost  care,  and  novf  in  the  highest  state  ot 
^^tI^°^^rkcTn^^.tLoayiu^^^s  of  1840  1847  18i38,  18U],  and  1803-ranging  xn 
ptiicowuj  ,  c.  pricesfrom435.  to!  iOs.  per  dozen. 

FOREIGN   LIQUEURS  OF  EVERY  DESCRIPTION. 

tar  On  receiDt  of  a  PoBt-Offlce  Order,  or  reference,  any  quantity  (with  a  Price  List  of  all 
other  Wn-ES)  will  be  forwarded  immediately  by 

HEDGES  &  BUTLER, 
155  REGENT  ST.,  W.  I  BRIGHTON :  30  &  74  KING'S  RD. 

(OniGINALLY  ESTABLISHED  A.D.  1C67). 


LONDON 
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T.  W.  8TAPLET0N  &  CO.'S  WINE  TARIFF 

(For  the  Piiesent  Season)- 
By  Custom  House  Report,  the  largest  Importers  in  England  (not  supplying  the  trade)  dutr 
paid  in  1871  being  7U,8a4  gallons. 

Address  203  REGENT  STREET,  Corner  of  Conduit  Street,  W. 

ESTADLISnED  1833. 


1870  CLARETS.— Pure,  sound  Bordeaux,  14s.  per  dozen,  or  £Q.  os.  per  half 
hhd. ;  £12  per  hUd.,  duty  paid. 

1868  VINTAGE  EPEENAY  CHAMPAGNE. —  Magnificent  in  quality, 
brilliant  in  condition,  ripe  for  drinking,  3Gs.  per  dozen  quarts  ;  21*.  pints. 

1868  CREME  DE  BOUZY.— Pale,  delicate,  and  dry,  425.  per  dozen  quarts 
24.?.  pints.  J  i  H  , 

1868  L'EMPEREUR   CHAMPAGNE,   Premiere  Qualite-a  superb  dry 
wine ;  the  cream  of  the  vintage  ;  quarts,  G'2s. ;  pints,  Zis.   And  all  other  brands. 
1860  VINTAGE  PORT.— Mature  and  fit  for  immediate  use,  34s.  per  dozen. 

1864  NATURAL  SHERRY.— This  elegant,  pure,  dry  Xeres,  20s.  per  dozen, 
£5.  5.?.  per  octave ;  £10.  10s.  per  quarter-cask ;  or  the  Star  brand,  2ls.,  or 
£G.  G*.  per  octave,  £12.  12j.  per  quarter-cask. 

1881  MANZANILLAS.— Very  delicate,  at  30s.,  or  £15.  10s.  per  quarter-cask; 

and  the  driest  and  finest  that  can  be  shipped,  36s.  per  dozen.  Specially  recom- 
mended for  invalids,  being  free  from  acidity. 

T.  STAPLETON  &  CO.  invite  attention  to  their  choice  selection  of  Old  Brandies  and 
superior  mellow  "WTiiskies,  at  40s.  per  dozen. 


IMPORTANT  NOTICE. 

rANZANILLA.— T.  W.  STAPLETON  &  CO.,  of  203  'Regent 
-^-^  Street,  W.,  beg  to  call  particular  attention  at  this  time,  -when  Sherry 
"Wine  is  so  calumniated,  to  the  following  correspondence  between  Dr.  Bartlett, 
the  well-known  and  liig]il3^-talented  analyst,  and  themselves. 

No.  S03  Regent  Street,  W.,  corner  of  Conduit  Street, 
n.  r.  Bnrtlett.  Esq.,  Ph.D..  F.C.S.  July  11.  1874. 

Dear  Sir,— In  answer  to  question  '1,292.  before  the  Select  Committee  of  Ihe  House  of  Commons  on  the 
Adulteration  of  Food  Act,  you  allude  to  Ifnnzunilla,  ■which  you  had  tasted  and  pronounced  excellent 
and  pure  wine  ;  we  shall  be  glad  to  know  if  the  wine  referred  to  was  that  which  we  supply  to  you,  anii 
if  so,  please  let  us  have  yoiir  complete  analysis  and  report  thereon. 

AYe  are,  dear  Sir,  yours  very  obediently,  Stapletox  &  Co. 


Laboratory,  7  South  Square,  Gray's  Inn.  London,  W.C. 
Jlesprs.  Stapleton  £:  Co..  20S  Regent  Street.  July  is,  ig74. 

Dear  Sirs,— Iii  reply  to  yonr  letter,  I  beg  to  state  that  I  should  not  have  mentioned  the  name  of  your 
firm  before  the  Committee  of  the  House  of  Commons  if  I  had  not  been  pressed  to  do  so  by  Lord  Banin^- 
ton  and  another  member. 

These  gentlemen  were  anxious  to  learn  from  wliom  I  obtained  the  pure  sherries,  particulars  of  which 
^vo^e.  by  order  of  the  Committee,  laid  before  tliem.  As  there  was  no  positive  objection,  I  infoimed  the 
Committee  that  I  pnrchased  the  Manzanilla  of  vou.  The  annlysis  nroves  it  to  be  a  light  ond  clean  dry 
ivinc,  with  admirable  flavour  and  good  scent.  Its  alcoholic  strength  is  low.  acidity  very  slight.  :ind  its 
extractive  matter  well  developed.  Such  wine  must  be  couEidcred  very  wholesome,  gently  stimnlunt.  and 
■free  from  the  common  defects  of  the  heavier  Spanisii  wines.  The  dietetic  qualities  shown  in  the  analysis 
on  the  other  side  will  especially  recommend  this  Manzunilla  to  all  who  have  reason  to  be  careful  in  their 
choice  of  sherry.  I  am,  faithfully  yours. 

(Signed)  H.  C.  Bautlktt.  Ph.D.,  F.C.S. 

p.S  Please  send  me  the  same  quantity  as  before  to  my  consulting  room  here. 


T.  "W.  STAPLETON  &  CO.  think  it  unnecessary  to  do  more  than  refer  to  the  fact  that 
Dr.  Bartlett,  {imong  the  numerous  samples  which  came  under  his  notice  from  some  of  the 
first  firms  in  the  trade,  endorses  his  good  opinion  of  their  Manzanilla  by  using  it  at  his  own 
table,  as  mentioned  before  the  Select  Comniitteo  of  the  House  of  Commons. 

Trices  of  this  Wine,  'SOs.  per  dozon  ;  £7. 15s.  per  octave  ;  £15. 105.  per  quarter-cask. 
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POWNCEBY'S 

Pure  Wines  and  Brandies, 

As  analysed  and  pronounced  '  thoroughly  genuine,'  can 
be  liad  in  Small  Quantities 
A-t   WHOLESALE  PX^ICES. 

The  OLD  PORTS  from  the  WOOD 

Are  so  thoroughly  matured  as  to  be  superior  in  character  to  '  Bottled  Wines '  of 
a  much  higher  price,  and  possess  all  the  necessary  qualifications  that  Port 
Wine  should  contain  to  be  beneficial  in  the  highest  degree. 

The  PALE  FRENCH  BRANDIES, 

Being  imported  by  ourselves  and  bonded  many  years  in  this  country,  an 
uniform  age  is  guaranteed,  besides  a  great  saving  being  effected  through  im- 
porting in  bulk.  It  frequently  happens  that  Brandy  known  as  '  Case  Brandy ' 
is  oftm  sold  much  too  new,  but  bearing  genuine  labels  &c.  the  PubUc  are 
often  thrown  off  their  guard  and  naturally  disappointed. 

SUPERIOR  OLD  PORT  for  Invalids  .    .  16s.  per  gall.  36s.  per  doz. 
Do.  do.  .   •  18s.     5,      40s.  „ 

SHERRY,  moderately  dry,  with  excellent|  ^-^o^. 

flavour  and  body  from  J 

PURE  FRENCH  BRANDY  (Pale  or  Brown),  21s.  per  gallon,  up 

to  30s.  according  to  Vintage. 


Da  HASSALL,  in  his  Eeport  says The  Pale  French  Brandies  sold  by 
Mr.  Pownceby  are  a  pure  grape  spirit  matured  by  age,  and  valuable  for 
medicinal  or  domestic  purposes.' 

Full  Report  and  Price  Current  by  post. 

S.  POWNCEBY  &  CO.,  356  Oxford  Street  W. 
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PURE    COGNAC  BRANDY. 


BOIZE'S  IIOUEHR  CRAPE  'BLUE  lABEl'  COGNAC  BRANDY 


GEORGE  BOIZE  &  CO.  of  Cognac,  are  the  sole  shippers  of  this 
celebrated  old  Brandy,  which  they  have  been  advised  to  introduce  by  influential 
.  members  of  the  medical  profession,  as  a  true  remedy  for  the  various  complaiuts 
lor  wnich  people  in  this  country  generally  consume  French  Brandy 

The  shippers  having  been  aware  for  many  years  past  of  the  inferior  spirits 
oflered  to  the  consumer,  under  the  names  of  French  and  British  Brandy 
(so  caUed  British  Brandy  is  not  pure  Brandy,  not  being  produced  froui  the 
jiiice  of  the  grape),  now  bring  this  unequaUed  Liqueur  before  the  notice  of 
Connoisseurs  and  Invalids. 

Seport  by  Arthur  Hili,  Hassaix,  Esq.,  M.D. 
_  '  This  Brandy  possesses  a  fine  and  delicate  aroma  and  flavour,  which  are 
m  themselves  characteristic  of  superior  quality.  Although  it  contains  a  lar-^e 
quantity  of  absolute  alcohol  it  is  yet  soft  to  the  palate,  indicating  that  it  has 
been  kept  for  some  years,  and  has  thus  become  mellowed  by  age.  Altogether 
It  may  be  said  of  this  Brandy,  that  it  is  very  pure  and  of  unusual  excellence.' 
The  Wine  Trade  Eeview,  July  1875. 

'  Apparently  with  a  desire  of  founding  a  reputation  upon  quality  rather 
than  upon  low  prices,  Messrs.  Geo.  Boize  &  Co.  of  Cognac  are,  we  understand 
bottling  for  their  "  Liqueue  Ghape  "  only  Brandies  of  1848  vintage.' 

The  Geoczr,  July  3,  1875. 

'  A  new  brand  has  been  introduced  into  the  spirit  market  by  Messrs.  Geo. 
Boize  &  Co.  of  Cognac,  under  the  title  of  the  Liqueur  Grape  Blue  Label 
Cognac  Brandy.  This  firm  is  determined  to  found  its  reputation  upon  quality 
rather  than  upon  low  prices,  and  therefore  is  shipping  only  1848  Brandy.' 

BOIZE'S  'LIQUEUR  GRAPE'  BRANDY 

Is  to  be  had  of  all  Wine  Merchants  and  Grocers  in  the  Kingdom,  or  Wholesale  of 

MESSRS.  GEO.  BOIZE  &  CO., 

61    MARK    LANE,    LONDON,  E.G. 


Advertisements. 


RAGGETT'S   NOURISHING  STOUT 

AND 

GOLDEN  HOP   PALE  ALE. 


<  I  have  carefuUy  analysed  Eaggett's  well-known  Nour.sliing  Stout  as 
obtained  from  21  Duke  Street,  St.  James's,  and  find  it  to  be  a  genuine,  most 
whdesome,  and  highly  nourishing  beverage,  less  heavy  and  consequently  more 
digestible  than  London  Stout  in  general.'  Tr.co.rx  Mn 

(Signed)      Aethl-k  Hill  Hassail,  M.i). 

'  The  Golden  Hop  Pale  Ale  will  no  doubt  become  as  popular  as  the  well- 
known  Nourishing  Stout,  it  being  scarcely  possible  to  produce  anything  hn^-  ot 
its  kind.'  (Signed)  Aethub  Hill  Hassall,  M.D. 

CAUTIOH"  —The  Public  are  requested  to  note  that  thewords  '  Eaggett 
late  BLOCKET'are  upon  the  Labels  of  each  Cask  and  Bottle  of  the  genuine. 
This  Caution  is  the  more  necessary  as  Brewers  as  well  as  Bottlers  are  adopting 
the  word 'Nouelshing'  upon  Labels  of  their  own  in  imitation  of  our  well- 
known  Trade  Title. 


SARSON'S  VIRGIN  VINEGAR. 


Messes.  SARSON  &  SON  liave  appointed  Special  Agents  in  all 
Towns  in  the  United  Kingdom  for  the  sale  of  their  Virgin  Vinegar 
in  Pint  and  Quart  Capsuled  Bottles,  the  object  being  to  ensure  to 
the.  Public  a  Vinegar  pwre  as  first  drawn.  This  Vinegar  will  be 
found  very  superior  to  the  ordinary  vinegar  o£  commerce,  the  price 
is  the  same,  namely, 

^d.  pex*  Pint-      lOd.  per  Quai-t. 


OBSERVE.— Sold  only  in  Capsuled  Bottles  bearing 
our  Name  and  Trade  Mark, 
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DAUKES  &  CO. 

BOTTLED  ALE  &  STOUT  MERCHANTS, 

•    FOR  HOME  USE  AND  EXPORTATION", 

EXETER  HALL  VAULTS,  STRAND,  W.C. 
GUINNESS'S  EXTRA  STOUT 

AND 

BASS'S  &  ALLSOPP'S 

PALE  AND  BURTON  ALES. 

THE  SAME  AS  SUPPLIED  TO 

INTERNATIONAL  EXHIBITIONS 

1871  TO  1874. 


Advertisements. 


NUMBER  ONE 
ST.     PAUL'S    CHURCHYARD,  E.C. 

AND 

OXFORD  CIRCUS,  W. 

L  O  ISr  D  O  ISr,    December  1875. 


We  daily  issue,  gratis,  a  Price  Current,  Avbich  contains  prices  and- 
descriptions  of  Black  and  Green  Teas,  Coffees,  Cocoas  and 
Chocolates,  Arrowoots,  Condiments,  Farinaceous  Food,  Spices,  &c. 
and  tlie  an-angements  lor  the  free  delivery  of  orders  &c. 

We  extract  from  it  the  following  :  — 

'  'Vt  the  end  of  the  year  1860,  we  took  adrantrtgo  of  the  passing  of  the- 
Aet--?3rd  and  24th  Victoria,  cap.  84—"  for  Proventiug  the  Adulteration  ot 
Articles  of  Pood  or  Drink,"  to  organise  a  system  of  warranting  all  our  goods. 

'  Another  Act  for  the  same  purpose  was  passed  in  1872— 35th  and  36th 
Vict.,  Ciip.  74. 

'  These  Acts,  and  some  others,  have  been  repealed,  and  another  Act 
passed,  called  "The  Sale  of  Food  and  Drugs  Act,  1875,"  but  the  system  of 
warranty  we  adopted  in  1860  appears  to  have  anticipated  so  fully  the  principle 
ar.d  requirements  of  this  Act  that  we  continue  to  follow  it,  together  with  what 
improvements  are  possible.' 


DAKIN    &  COMPANY, 

T  E  7^  -  3£  E      C  H  A  TV  T  S  , 

AND 

PATENTEES   FOR  ROASTING   COFFEE   &C.   IN   SILVER  CYLINDERS. 

NUMBER  ONE 

ST.   PAUL'S   CHURCHYARD,  E.C. 
AND  OXFORD  CIRCUS,  W. 

TEBMS,  Net  Cash.— The  prices  from  the  lowest  to  the  highest- 
arethemost  moderate  possible  for  the  qualities  supplied. 
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DR,  SIEGERT'S 

ANGOSTURA  BITTERS, 

^So  justly  celebrated  for  upwards  of  Forty  Years  for  their 
exquisite  Aromatic  Flavour,  were  awarded  '  Honour- 
able Mention  for  Goodness  of  Quality'  at  the  Inter- 
national Exhibition  1862,  and  Medal  of  Merit  at  the 
Vienna  Exhibition  1873  (the  highest  distinction  obtain- 
able). 


Used  as  ordinary  Bitters  witli  Wine  or  Spirits,  or  taken  in 
Sugared  Water,  they  are  invaluable  as  an  Appetiser  and  Tonic. 
They  are  most  efficient  in  tlie  cure  of,  and  are  also  an  excellent 
preservative  against,  Fever,  Diarrhoea,  Cholera,  Liver  Com- 
plaints, &c. 


The  following  is  a  Copy  of  Dr.  HASSALL'S  Report  on 
these  Bitters. 

'  I  have  carefully  analysed  a  sample  of  the  •well-known 
Angostura  Bitters  of  Messrs.  Siegert  e  hijos. 

'  I  find  that  they  consist  of  a  mixttue  of  certain  bitter, 
aromatic,  and  carminative  substances,  together  with  alcohol,  added 
as  a  preservative  and  solvent,  and  that  they  are  altogether  free 
from  admixture  with  any  dangerous  or  deleterious  compound,  as 
strychnine,  for  examj^le,  so  commonly  present  in  what  are  termed 
pick-me-ups." 

'  These  Bitters  constitute,  in  fact,  a  very  usefi.il  and  whole- 
some Tonic  when  employed  in  suitable  cases. 

(Signed)       'ARTHUR  HILL  HASSALL,  M.D.' 

Author  of  '  Food  and  its  Adulterations,'  '  Adulterations 
Detected,'  and  late  Editor  of '  Food,  Water,  and  Air.' 


Advertisements.  1 1 


JOHNSON   &  OO.'S 

CANTERBURY  PALE  ALE. 


Brewed  and  Fermented  Ipbsi^     by  a  special  process  for- 

V\     \     BREWERS    /     /«/  , 

Exportation  in  Bottle  \^prjy      *°  Climates. 


Dry  Cooperage  Casks,  containing  4  doz.  quarts,  8/-  per  doz. 

8    „    pints,  5/6 

Cases  containing  1  doz.  quaxi;s    8/6  „ 

2    „   pints    5/9  „ 

The  Cases  of  2  dozen  pints  are  prepared  for  the  Spanish  Colonies. 
South  America,  West  Indies,  &c.,  and  are  an  exact  weight  of  27  kilogrammes 
 21  of  these  cases  go  to  the  ton  measurement. 

The  prices  are  for  quantities  oyer  20  dozen  quarts  or  40  dozen  pints,  in 
less  quantity  per  dozen  quarts  and  2d.  per  dozen  pints  extra.  Johnson  & 
Co.  take  the  Customs'  drawback. 

Free  on  board  in  the  docks  in  London,  Southamptou,  Dover,  or  JNew- 
haren,  less  5%  for  cash  on  delivery  of  bills  of  lading. 


JOHNSON    &  CO.'S 

CANTERBURY  PALE  ALE 

(In  Bulk). 

Draught  Ale,  in  hogsheads,  £20  per  ton  of  4  hogsheads. 

barrels   ...   £22  „  6  barrels. 

„  kilderkins   £24  „         12  kUderkins. 

Free  on  board  in  the  docks  in  London,  Southampton,  Dover,  or  New- 
haven,  less  2^9^  for  cash  on  delivery  of  bills  of  lading. 

The /Season  for  exporting  Draught  Ale  commences  on  November  1st,  and 
terminates  on  March  30th  for  distant  markets.  European  ports  can  be  shipped' 
to  every  month  except  August  and  September. 

JOHNSON  &  CO.,  BiiEWERS,  CANTERBURY; 

AND  64  Basikghall  Street,  LONDON,  E.G. 

Agencies  in  Si/dnei/,  Melhourne,  Shanghai,  Gibraltar,  ^-c.  ^-c. 
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THE 


COMPRESSED  TEA  COMPANY 

(LIMITED),  I 

36  SOUTHWARK  STREET,  LONDON,  S.E. 


'^HE  Leaf  of  the  Tea  Plant  is  a  structure  consisting  entirely 
of  cells  ;  eacli  cell  is  a  closed  sac,  composed  of  an  imperforate  membrane, 
containing  tlie  soluble  ingredients  that  form  the  infusion.  The  'making'  of 
Tea,  from  the  leaves  as  imported,  ruptures  only  a  portion  of  these  cells  ^  but 
if  the  leaf  be  submitted  to  a  very  high  pressure,  the  entire  mass  of  cells  is 
broken  open,  admitting  the  hot  water  io  all  alike,  thus  causing  a  considerable 
•saying  in  the  quantity  required  to  be  used,  it  being  easy  of  demonstration  that 
one  found  of  Compressed  Tea  produces  a  liquor  about  equal  in  quantitj-, 
■quality,  and  sti-ength  to  that  produced  by  two  founds  uncompressed. 

Each  Packet  contains  half-a-pound,  which  is  sub-divided  into  half-ounces, 
thus  enabling  the  Consumer  to  regulate  his  requirements  with  certainty. 

The  Company  only  selects  Tea  of  undoubted  pui-ity,  and  the  process  it 
undergoes  prevents  the  possibility  of  adulteration,  in  proof  of  which  the 
Public  is  referred  to  the  following  extract  from  the  Analytical  Eeport  of 
I?r.  Arthur  Hill  Hassall,  M.D.  :— 

'  I  have  subjected  samples  both  Compressed  and  Uncompressed  of  the 
Tea  of  the  Compressed  Tea  Company  (Limited)  to  full  chemical  analysis 
■and  microscopical  examination,  and  find  them  to  be  of  good  quality  and 
perfectly  genuine. 

'  The  Compressed  Tea  is  more  fragrant  than  the  Uncompressed,  and, 
-owing  to  the  rupture  of  many  of  their  component  ceUs,  yields  a  larger  propor- 
tion of  the  extractive  matter  and  of  the  active  constituents  of  the  Tea  than 
the  Uncompressed. 

*  The  compression  of  Tea  into  Cakes  constitutes,  in 
my  opinion,  a  REAL  and  IMPORTANT  improvement 
in  the  treatment  of  Tea. 

(Signed)  '  AETHUE  HILL  HASSALL,  M.D.' 

Aulhoi-  of  '  Food  and  its  Adiilteralions,'  '  Atliillerafion.t 
D-icctcii;  late  Eiiloi-  of  '  Food,  Wal»r,  and  Air.' 


Advertisements. 
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liEPOItT    OTS  THE 

BLACK    AND     GREEN  TEAS 

ISIPODTED  BY 

MESSRS.    H0RN8MAN    &  CO. 

Ij03Sr3D03Sr. 

The  Axaltticat,  Sanitaut  Ixstitutiox, 

2  Adelphi  Terrace,  Strand,  London. 

Nearly  twenty-five  years  have  passed  away  since  I  first  drew  attention  to 
the  fact,  that  all  the  China  Green  Teas  and  many  of  the  Black  sorts  imported 
into  this  country  were  artificially  coloured,  painted,  or  faced  with  various 
oro-anic  and  inorganic  pigmentary  matters.  This  practice  I  then  denounced, 
an'd  I  have  never  lost  an  opportunity  of  continuing  to  do  so  since  that  period. 
In  fact,  from  more  extended  knowledge  and  experience  of  the  subject,  I  am 
of  opinion  that  the  practice  is  one  which  ought,  in  the  interest  of  consumers, 
to  be  condemned  in  the  strongest  possible  terms. 

In  1859  I  visited  some  of  the  Bonded  Tea  Warehouses  containing  consign- 
ments of  Tea  to  the  Messrs.  Horniman,  and  I  secured  samples  therefrom, 
wliich  I  snbsequently  submitted  to  analysis.  I  likewise  then  visited  and 
inspected  Messrs.  Horniman's  Warehouse  in  Wormwood  Street,  securing 
samples  there  in  like  manner,  as  well  as  from  some  of  the  appointed  Agents  of 
Messrs.  Horniman,  and  I  subjected  the  whole  of  the  samples  thus  obtained  to 
full  examination  and  analysis. 

I  have  again,  after  a  lapse  of  fifteen  years,  instituted  a  similar  inquiry. 
I  have  obtained  a  variety  of  samples  of  Black  and  Green  Tea  from  Messrs. 
Horniman's  stock  in  the  Bonded  Warehouses,  from  their  London  Warehouse, 
and  from  some  of  their  Agents. 

The  whole  of  the  Teas  thus  obtained  have  been  subjected  to  full  examina- 
tion and  analysis  with  the  following  results  : — 

1st.  That  the  whole  of  the  Teas  examined  were  genuine,  that  is  lo  say, 
they  consisted  wholly  of  the  leaf  of  the  Tea-plant— not  a  single 
foreign  leaf  being  in  any  one  of  the  samples. 
2nd.  That  the  whole  of  the  Green  Teas  were  entirely  free  from  foreign 
colouring  matters — the  turmeric,  the  Prussian  blue,  and  the  silicate 
of  magnesia,  or  soap,  stone,  &c. — with  which  the  China  Green  Teas 
are  so  constantly  faced. 
3rd.  That  the  whole  of  the  Teas  from  Messrs.  Horniman's  stock  in  the 
Bonded  Warehouses,  from  their  London  AVarehouse,  and  from  their 
appointed  Agents,  were  of  good  quality  as  well  as  genuine,  and  that 
they  furnished  the  full  proportion  of  extractive  matters  characteristic 
of  good  Tea. 

(Signed)         ARTHUR  HILL  HASSALL,  M.D. 

Author  of  tlie  lieports  of  the  Analyticnl  Snnitai-y  Commisssion  of  the 
'  Lancet,'  now  jmblishod  under  the  title  of  •  Food  and  Its  Adulterations  ;  ' 
of  '  Adulterations  Detected  ; '  and  Editor  of  '  Food,  Water,  and  Air,'  Sic. 


SOLD  IN  PACKETS  BY  3,538  AGENTS,  CHEMISTS,  CONFECTIONERS,  Ac. 


14 


Advertisements. 


NINE  EXHIBITION  MEDALS  AWARDED  TO  J.  S.  FRY  d  SONS. 


FRY'S  CARACAS  COCOA. 

This  Cocoa  owes  its  Delicious  Flavour  to  the  use  of  the  celebrated 
Caracas  M"ut,  combined  with  other  choice  descriptions,  specially 
selected  for  their  peculiar  excellence,  and  invigorating  qualities. 

'  Caracas  Cocoa  has  ever  been  considered  the  best  of  all  that  is  produced 
upon  the  American  soil.'— E.  T.  C.  Middleton,  Consul-General,  Caracas.— 

Journal  of  Ajyplicd  Science. 

'  No  more  delicious,  refreshing,  nourishing,  and  wholesome  beverage  has 
ever  been  manufactured.' — Morning  Post. 

'  A  packet  can  easily  be  obtained,  and  its  delicate  flavour  and  fine  aroma 
ensure  its  adoption  .is  a  beverage  for  breakfast  or  supper.' — Standard, 

'  The  Caracas  Cocoa  of  such  choice  quality.'— J-ooc?,  Water,  and  Air,  edited 
by  Dr.  Hassall. 

'  A  most  delicious  and  valuable  article.' — Standard. 


FRY'S  EXTRACT  OF  COCOA. 

In  6d.  Packets,  Is.  and  2s.  Tins. 

A  perfectly  pure  and  delicious  beverage,  prepared  exclusively  from, 
choice  Cocoa  Wibs  deprived  of  the  superfluous  oil,  and  of  great  value 
to  invalids  who  wish  to  avoid  rich  articles  of  diet.  Purchasers  of  this 
class  of  Cocoa  should  ask  for  '  Fry's  Extract  of  Cocoa.' 

'  The  "  Extract  of  Cocoa,"  which  really  consists  of  Cocoa  Nibs  deprived  of 
superfluous  oil,  than  which,  if  properly  prepared,  there  is  no  nicer  or  more 
wholesome  preparation  of  Cocoa.' — Food,  Water,  and  Air,  Dr.  Hassall. 


FRY'S  CARACAS  CHOCOLATE. 

In  '2  lb.  and  ^  lb.  Calces.    Yellow  Wrappers. 

This  really  excellent  and  delicious  Chocolate  is  also  prepared  witli 
Caracas  and  other  clioice  Cocoas,  long  adopted  in  the  manufacture  of 
the  finest  Chocolates  of  Europe.  It  is  offered  at  a  very  moderate  price, 
and  the  Manufacturers  confidently  challenge  for  it,  competition  with 
any  other  Chocolate,  whether  of  English  or  Forsign  Manufacture,  at  a 
similar  price, 

'  Fry's  Caracas  Cocoa  and  Chocolate  fulfil  every  possible  requirement  for 
convenience,  for  flavour,  and  for  purity.' — Covrt  Circular. 
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SCHWEITZER'S 

COCOATINA. 

ANTI-DYSPEPTIC  COCOA  OE  CHOCOLATE  POWDEE. 


GUARANTEED  PURE 
SOLUBLE  COCOA,' 
WITHOUT  ADMIXTURE. 


STRONGLY  RECOMMENDED 
BY  THE  FACULTY 
FOR  FAMILY  USE. 


CocoATLNA  is  the  highest  class  of  Soluble  Cocoa  or  Chocolate  in  a  con- 
centrated foi-m,  consisting  solely  of  the  finest  Cocoa  Eeans  without  Sugar,  the 
excess  of  fat  being  extracted  by  a  delicate  mechanical  process,  without  prejudice 
to  quality  or  flavour. 

THE  FACULTY  pronounce  it  'the  most  nutritious,  perfectly  digestible 
beverage  for  Breakfast,  Luncheon,  or  Supper,  suitable  to  the  healthy 
as  well  as  to  the  weak.' 

HIGHLY  RECOMMENDED   BY  THE  ENTIRE  MEDICAL  PRESS. 

COCOATINA  wHl  bear  tlic  Strictest  Chemical  Investigation. 

It  is  prescribed,  with  great  success,  for  delicate  Females  and  Cliildren, 
when  aU  other  food  is  rejected ;  and  celebrated  for  its  restorative  properties  in 
cases  of  Debility  and  Imperfect  Digestion. 

Being  absolutely  free  from  Sugar  (the  excess  of  Eat),  or  any  admixtm-e, 
it  keeps  better  in  all  Climates,  and  is  four  times  the  sti-ength  of  Cocoas  thicJc- 
cned  yet  weaJccned  with  Arrowroot,  Starch,  &c.,  and  in  reality  cheaper;  one 
teaspoonful  being  .sufficient  for  a  cup  of  Cocoa  {the  cost  of  which  is  less  than  a 
halfpenny),  and  two  or  more  for  a  cup  of  Chocolate. 

CocoATixA  a  la  Vanille  is  the  'most  delicate,  digestible,  and  cheapest  Vanilla 
Chocolate,  and  is  taken  when  richer  Chocolates  are  prohibited. 


Dr.  Arthub  Hill  Hassaxl  says  in  Food,  Water,  and  Air :  

'  This  preparation  has  more  than  once  heen  brought  under  our  notice,  and  always  with 
the  same  result.  It  consists  entirel}-  of  the  powder  [of  a  marvellons  degree  of  fineness]  of 
the  very  best  qualities  of  the  Cocoa  Bean,  without  the  smallest  admixture  of  Sugar  Starch 
or  Arrowroot.  It  is  consequently  full  of  aroma  and  flavour,  and  is  lighter  and  more  din-est- 
ihle  than  are  most  Cocoas,  thickened  and  yet  weakened  by  admixture  -vrith  large  quantities  of 
farinaceous  matter.' 

DIUECTIOXS  FOB  USE  ON  THE  LABEL  OF  EACH  PACKET. 


lietaUed  in  Air-tight  Tin  Fackets  only,  at  Is.  Rd.,  3s.,  5s.  6d.,  ^x.,  by  Chemists, 

Grocers,  ^-c. 


  SOLE  PEOPEIETOES, 

H.  SCHWEITZER  &  CO.,  10  Adam  St.,  London,  W.C. 
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BARRY  &  CO. 

CHICORY,  COCOA,  AND  MUSTARD  MANUFACTURERS,  \ 

29  &  30  ROPEMAKER  STREET, 


i 


AND 


6  TYPE  STREET,  FINSBURY,  LONDON.  E.G. 

Bonded  Export  Warehouse : 

GRAND  SURREY  DOCKS,  LONDON,  S.E. 


BABRY  #  CO.  beg  to  call  special  attention  to  the  following  Leading 
Articles  of  their  Manufaciuro:— 
PBEPABED  COCOA  in  ^Ib.  packets.  Is.  per  lb.    PEARL  COCOA. 
:Llb  packet.  8d.  per  lb.    Also  HOMCEOPATHIC  COCOA,  in  tin-foU 
jackets.    BOCK    COCOA,   and    GENUINE    FLAKE  COCOA. 
PUBB  TBINIDAD  COCOA  NIBS,  guaxanteed  perfectly  free  from 

any  colouring  matter. 
And  every  other  description  of  Cocoa  and  Chocolate. 


BARRY  &  CO.'S  GENUINE  MUSTARD. 

The  Extra  Strong  and  Double  Superfine  qualities  are  prepared  from 
the  Choicest  Brown  aud  White  Mustard  Seed,  combining  great  pungency 
■with  delicate  flavour.  ^  

BARRY  &  CO.  guarantee  every  article  of  their  manufacture  ! 
to  be  perfectly  free  from  any  injurious  ingredients.  h 
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THE  'WARRANTED'  PICKLES. 

DH.  HASSALL'S  BEPOKT.— 'These  Pickles  have  been  subjeoted  by  me  to  earofii 
Analysis,  and  with  the  most  satisfactory  results. 

They  were  found  to  be  free  from  the  smallest  trace  of  Copper  and  of  unoombineA 

^'^•^SrYNowfuber,  1870.  (Signed)  'AETHtTB  HILL  HASSALL,  lil.D.' 

rnEl'AllED  ONLY  BY 

48  &  49  WELLCLOSE  SQUARE,  and  10  &  12  PELL  STREET,  LONDON,  E. 

SELECTED  VEGETABLES.        PUREST   GRAIN  VINEGAR. 

Established  40  Yeaes. 


CADBURYS 
COCOA    ESSE  NCE, 

GC-VKAXTEED   PUKE  AWD  SOliVIIIiE, 

Is  now  taken,  by  thousands  as  a  light  and  inyigorating  Beverage  who  could  not  before  use 
'  Prepared  Cocoa,'  owing  to  its  being  too  thick  and  heavy.  It  is  three  times  the  strength  o£ 
the  best '  Homoeopathic  Cocoas,'  to  which  starch  and  sugar  is  added. 

CADBURY'S   MEXICAN  CHOCOLATE 

(In  Blue  Wrapper)  Consists  solely  of  the  Finest  Cocoa  and  White  Sagar, 

^Ward~pink^  pickles 

ARE   THE  BEST. 

ALSO 

JAIS,  JEIUES,  AID  lARIAIADE, 

OF  VERY  SUPERIOR  QUALITY. 

The)/  can  be  obtained  of  Grocers  or  Oilmen  tlirougliout  the  United  Kingdom. 


TlIE  AXALTTrCAL  SANnXAIlT  IXSTITDTIOX. 

J4  JoHK  SriiraT,  Adelitii,  London-. 
r>lh  Februaru  1874. 

I  have  carefully  analysed  two  samples  of  the  Pickles  prepared  by  Mn.  ]■;.  PINK.  They 
arc  made  with  good  strong  vinegar,  entirely  free  from  uncombined  sulphuric  acid.  The 
vegetables  employed  are  of  good  quality,  and  carefully  selected.  A  minute  search  was  mad-j 
for  copper,  but  not  a  trace  of  that  metal,  so  frequently  present  in  Pickles,  could  be  detected. 

autiiur  hill  hassall,  m.d. 

Author  of  'Food  and  its  AduUeratiom,'  'AdulleraCiimt  DeUcUil 
and  late  A'ditur  of  'Food,  IKn^er,  and  Aii:' 
3  N  2 
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EDWARD  PINK'S  MARMALADE 

IS   THE  BEST. 

Prepared  by  Steam  Machinery  of  the  Finest 
Seville  Oranges  and  Refined  Sugar. 


ALSO 


JAMS,  JELLIES,  PICKLES,   &  SAUCES 

OF  VERY  SUPERIOR  QUALITY. 

TJici/  can  be  ohtaincd  of  Grocers  or  Oilmen  throvgJwut  the  United  Kingdovu 

The  Analyticai,  Sanitary  Institltiox, 

2  Adelphi  Terrace,  Stilaxd,  London", 
5/h  February  1874. 

I  have  recently  visited  the  Mamifnctory  of  Mn.  EDWARD  PINK,  and  liave  made  myself 
thoi-onghlv  acquainted  with  the  process  of  Manufacture  of  Marmalade  therein  pursued.  I 
find  that  much  care  is  bestowed  upon  its  preparation,  it  being  made  by  the  aid  of  appro- 
■nriate  and  ingenious  machinery  on  a  large  scale,  and  in  an  incredibly  short  space  of  time.  I 
find  further,  that  the  Marmalade  is  prepared  (with  the  exception  of  a  small  quantity  of 
Apple  JeUy,  which  is  used  to  soften  and  mellow  the  strong  bitter  of  the  Orange)  entirely 
from  the  '  Seville  Orange,"  and  that  it  is  free  from  the  smallest  trace  of  copper  and  othei- 
impurities.  Of  the  wholesomeness  of  Orange  Marmalade  when  thus  prepared,  nothing  need 
be  said.  ARTHUR  HILL  HASSALL,  M.D. 

MRE  BIACK  TEA,  PTJEE  COEFEE, 

PURE  UNCOLOURED  GREEN  TEA. 

TIE  BEST  IIND^iAPEST  BLACK  TEA. 

STRONG  to  FINE  BLACK  TEA, 
Is.  4d.,  Is.  6d.,  2s.,  2s.  3d.,  and  2s.  6d.  per  Pound. 

iOs.  worth  sent  carriage  free  to  any  railway  station  or  market  town 
in  England  or  Wales,  on  receipt  of  40s.,  by 

PHILLIPS  &  CO.,  Tea  Merchants, 

8  KING  WILLIAM  STREET,  E.C. 

PRIME    COFFEE,   Is.  4d.,   Is.  6d.,   Is.  8d. 

A  Price  and  Store  List  containing  Dr.  Hassat,t.'s  last  report  on  Phillips: 
AND  Cu-ArpAuy's  Tkas,  is  sent  post  free  on  application. 
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CEOSSE  &  BLACKWELL, 

PURVEYORS  TO  THE  QUEEN, 
SOHO   SQUARE,  LONDON, 

Direct  attention  to  the  following  articles  of  their  Manufacture, 
which  always  bear  their  Name  and  Address  on  the  Labels. 

pURE  PICKLES  IN  MALT  VINEGAR^ 
nAPT.  WHITE'S  ORIENTA"l  PICKLES, 

an  exquisite  compound  of  sweets  aud  sours. 

pUKE   MALT   VINEGAR  of  uniform  strength 

and  flavour,  in  Impeiial  pint  and  quart  bottles. 

SAUCES   FOR   FISH,    g"aME,  &c. 
pOTTED  MEATS  and  FISH  in  fancy  tins  and  jars 
MOCK  TURTLE,  OX-TAIL,  HARE,  GRAVY, 

JULIENNE,  and  MULLIGATAWKY  SOUPS. 

JAMS,  JELLIES,  and  ORANGE  MARMALADE 

made  from  fresla  Fruit  and  with  refined  Sugar  only. 

(JALVES' -  FEET   JELLY   in  bottles,  Orange, 

Lemon,  Madeira,  and  Vanilla  flavoiu's. 

PLAVOURING  ESSENCES,  distilled  from  the 

Fresh  Fruits  and  Spices,  Orange,  Lemon,  Vanilla,  Almond,  Ginger,  Mace,  he. 

Crosse  &  Blackwell's  Genuine  Manufactures  always  hear  their  Name  and 
Address  on  the  Labels,  and  may  he  ohtained  of  Grocers,  Chemists,  and  Italian 
Warehousemen  throvrjhout  the  World. 

O  I?.      I  IsT  "V  .A.  Xi  I  3D  S  . 
CLEAR  TURTLE  and  other  SOUPS.     BEEF  TEA  and  ESSENCE  of  BEEF. 
ESSENCE  of  CHICKEN  and  CHICKEN  BROTH.    CALVES' -FEET  JELLIES. 

i'in:PAiinT)  Rv 

€EOSSE  &  BLACKWELL,  Purveyors  to  the  Queen,  Soho  Square,  Londoa. 
May  be  obtained  of  meet  Grocers,  Chertists,  and  Italian  'Warehousemen. 
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BATGER  &  CO. 

WHOLESAiE  MANUFACTURING 

CONFECTIONERS, 

BROAD  STREET,  RATCLIFF,  LONDON,  E. 

CITY  OFFICES,  SALE  ROOMS,  AND  FANCY  GOODS  MANUFACTORY- 

96,  97,  &  98  HOUNDSDITCH,  E. 

Established  in  Bisliopsgate  Street,  in  1748. 

CANDIED  PEELS. 
LOZENGES  of  every  description. 
COMFITS  and  MIXED  CONFECTIONERY. 
BOILED  SUGAR  CONFECTIONERY. 
JUJUBES  and  PASTILLES. 
BOTTLED  FRUITS. 

JAMS  and  PRESERVES  of  every  kind.. 
CRYSTALLIZED  and  GLACES  FRUITS 
BRIGHT  TABLE  JELLIES,  CALFSFOOT,  &c. 

Cossacks,  Bon-Bons,  Bride  Cake  Ornaments,  Gum  Paste  Goods, 
and  the  Largest  Assortment  of  Ornamental  Confectionery 
in  the  Kingdom  always  on  view  at 
96,  97,  &  98  HOUNDSDITCH. 
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UNPAEALLELED  SUCCESS  OF 

GOODALL'S  WORLD-RENOWNED 

HOUSEHOLD  ^EGIALITIES. 

G^OODALL'S  BAKIlSra-POWDER. 


YORKSHIRE  jRELISH. 


G^OODAXiL'S    QTJINIlSrE  WINE. 


r)R.   HASSALL'S  EOOD. 

A  Siiisle  Tiial  Solicited  from  those  who  have  not  yet  tried  these 
splendid  preparations. 


GOODALL'S   BAKING  POWDER. 

THE  BEST  IN   THE  WORLD. 

The  cheapest  because  the  best,  and  indispensable  to  evei-y  household,  and 
an  Inestimable  boon  to  housewives.  Makes  delicious  Puddmgs  without  eggs, 
Pastry  -without  butter,  and  beautiful  Ught  Bread  without  yeast.  Sold  by 
Grocers,Oilmen,  Chemists,  &c.,  in  Id.  Packets,  Gd.,  Is.,  li.  Sd.,  and  Is.  Tms. 


Prepared  by  GOODALL,  BACKHOUSE,  &  CO.,  LEEDS. 


YORKSHIRE  RELISH. 


HADS  MARK. 


The  most  Delicious  Sauce  in  the  World. 

This  cheap  and  excellent  Sauce  makes  the  plainest  viands  palatable,  and 
the  daintiest  dishes  more  delicious.  To  Chops,  Steaks,  Fish,  ic,  it  is 
incomparable.  Sold  by  Grocers,  Oilmen,  Chemists,  &c.  in  Bottles,  Gd.,  Is., 
and  2s.  6d.  each. 

Prepared  by  GOODALL,  BACKHOUSE,  &  CO.,  LEEDS, 


GOODALL'S   QUININE  WINE. 

The  best,  cheapest,  and  most  agreeable  tonic  yet  introduced.  The  best 
remedy  known  for  Indigestion,  Loss  of  Appetite,  General  Debility,  &c.  &c. 
^   Restores  delicate  invaUdsto  health  and  vigour.  Sold  by  Chemists,  Grocers, 
&c.,  at  Is.,  Is.  Ik/.,  2s.,  and 2s.  M.  each  Bottle. 

Prepared  by  GOODALL,  BACKHOUSE,  &  CO.,  LEEDS. 
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GENUINE  PICKLES, 

T>r> TJ'n  4  T»TaTN       nn-r  i.-r  -n.   ' 


PEEPAEBD    SOLKLT  BY 


W.  &   D.  HARVEST, 

r>OWGATE     DOCK,  LONDON 


Aeeedare 
Abergavenny 
■  Alford 
Alnwick 
Ampthill 
Aylesbury 
Banbury 
Bedford 
Brighton 
Berwick 
Bewdley 

BiLSTON 

Birmingham 
Bristol 
Cambridge 
Cardiff 
Canterbury 
Cheltenham 
Colchester 
Coventry 
Croydon 
Darlington 
Derby 
Dorchester 
Dover 


May  be  ohtained  from  all  the  leading 

Doncaster 
Dudley 
Ely 
Exeter 
Falmouth 
Folkestone 
Gloucester 
Grantham 
Great  Bridge 
Grimsby 

GOOLE 

Guernsey 
Hastings 
Hull 

Horncastle 
Ipswich 
Jersey 

Kidderminster 
Lincoln 
Lowestoft 
Landport 
Margate 
Mansfield 
Middlesborough 


Grocers  in 

Nottingham 

Newport 

Northampton 

Old bury 

Oxford 

Peterborough 

Portsmouth 

Plymouth 

Penzance 

Ryde 

Ramsgate 

Retford 

Southampton 

Spalding 

Sheffield 

Scarborough 

tonbeidge 

Taunton 

Tavistock 

Wolverhampton 

Whitby 

Winchester 

Wis  beach 

York 

Yarmouth 


AND  TJTEABLY  EVERY"  TOWM"  IIT  THE.KIWGDOM. 


ALSO 


HARVEST'S   GENUINE   ESSENCE  OF  ANCHOVIES, 


AND 


HARVEST'S    BENGAL  PICKLE. 


"W.  &  D.  EIRYEST,  DOW&ATE  lOCK,  lOEDOI 
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FARINACEOUS  FOOD 

Has  been  extensively  used  hy  the  Public  for 
upward,  of  50  TEARS, 

And  well-known  as  superior  to  uU  descriptions  of  Food 

FOR    INFANTS    AND  INVALIDS. 


JONATHAN   FEREIRA,  M.D. 

AND 

ARTHUR,   HILL   HASSALL,  M.D. 
Give  the  following  Reports: — 

'  I  havo  carefullj-  exaiuiuetl  and  repeatedly  prescribed  "  Hards'  Farinaceous  Food  "  (see, 
Pereira's  "  Treatise  on  Food  and  Diet,"  pages  :ion  and  473,  &c.)  wiiicli  is  prepared  from  the- 
most  nutritious  of  tlie  Cereal  grains.  It  combines  both  nitrogenised  and  non-nitrogcnised 
alimentary  principles,  and  for  a  very  valuable  Food  for  .Children  and  Invalids. 

'  JOITATHAN"   PEBEIRA,  M.D.,  F.B.S. 

'  47  Finsbiirv  Square,  '  Physician  to  the  London  Hospital. 

'  July  1,  1843.' 


'  I  have  recently  examined  with  much  care,  botli  microscopically  and  chemically,  the 
article  knowu  as  "  Hards'  Farinaceous  Food,"  which  has  now  been  before  the  public  foi  so 
many  years. 

'  I  find  it  to  be  carefully  prepared,  to  be  perfectly  genuine,  and  highly  nutritions ;  tlrose 
results  being  con-oborated  by  many  previous  examinations  of  the  article  made  at  vai  ious 
times,  during  the  past  few  years,  and  entirely  without  the  knowledge  of  the  proprietor. 

'  It  possesses  certain  important  advantages  over  the  majoritj'  of  Food  sold  for  Infants 
and  Invalids,  it  being  more  digestible,  and  in  the  large  proportion  of  gluten  which  it  contains, 
and  which  is  the  blood  and  flesh-producing  constituent  of  the  Food.  The  greater  number 
of  Farinaceous  Foods  sold,  consist  wlioUy  of  arrowroot  or  starch,  which  do  not  contain 
gluten  or  nitrogen  in  any  fonn.  and  such  articles  are  therefore  wholly  destitute  of  any 
principle  from  which  blood  and  flesh  can  be  formed,  so  that  infants  fed  exclusively  upon 
them  would  be  in  danger  of  dying  from  actual  starvation.  This  fact  cannot  be  too  generally 
impressed  ui»n  Mothers,  and  all  persons  engaged  in  the  rearing  of  Children. 

'ARTHTJR  HILL  HASSALL,  M.D. 

'  Analj'st  of  the  Lancet  Sanitary  Commission, 
'  Author  of  "  Food  and  its  Adulterations,"  &c. 
'  Wimpole  Street,  Cavendish  Square,  W.'  '  Feb.  1, 18G0.' 


Sold  in  all  parts  of  the  world  hy  Chemists,  Patent  Medicine  Vendors,  and 
Italian  Warehousemen,  in  Is.  and  2s.  Packets,  and  Tin  Cases  7s.  6d.  each;  and 

WHOLESALE   AT  THE 

ROYAL  VICTORIA   MILL,  DARTFORD. 
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NEAVE'S  FOOD 


FOR 


INFANTS  AND  INVALIDS, 


Is  a  preparation  from  the  finest  description- 
of  Cereal  Grains. 

It  is  rich  in  albumenoids,  starch,  phosphates,  cellulose,  &c.,  and  is  highly 
Tccommended  by  medical  men  and  others,  who  have  brought  up  their  own 
children  upon  it. 

Dr.  C.  A.  C.UffiUON,  of  Dublin,  says  of  tbis  food— 
'This  is  an  excellent  Food,  admirably  adapted  to  the  wants  of  infants  and  young  persons.^ 
It  contains  a  small  though  sufficient  quantity  of  very  fine  bran,  which  being  rich  m  phos- 
phates and  potash,  is  of  the  greatest  utihtv  in  supplying  the  bone-formmg  and  other  indis- 
pensable elements  of  food.  The  albumenoids.  or  flesh-forming  ingredients  or  this  food  are 
Tcry  abundant ;  and  its  large  percentages  of  fat-producing  materials  will  effectually  contri- 
bute to  the  maintenance  of  the  heat  and  work  of  the  animal  mechanism.  Although  pecu- 
liarly adapted  to  the  wants  of  the  young,  this  food  may  be  used  vrith.  advantage  by  persons 
of  all  ages.' 

The  late  Dr.  L-LN-kesteii,  P.R.S.,  Coroner  for  Middlesex,  said— 
'  I  have  examined  specimens  of  Nbavf.'s  Fauinaceous  Food  for  Infants  and  Invalids, 
and  find  it  to  consist  of  carefully  prepared  flour  from  cereal  grains,  and  to  bo  free  from  any 
impurities  or  substances  of  an  injiu-ious  character.  I  have  also  tested  dietetically  the  Food- 
prepared  according  to  the  directions  for  use,  and  have  found  it  to  be  a  very  agreeable 
ai-ticle  of  diet.  I  have  pleasui-e  in  recommending  it,  especially  for  children,  as  containing,  m 
due  proportion,  the  flesh-forming  and  heat-giving  elements  of  food.' 

From  Dr.  BIassall,  Author  of  '  Food  and  its  Adulterations,'  and  other  "Works. 
'  The  chemical  analysis  of  a  sample  of  Heave's  Food,  recently  made  by  me,  furnishes  the 
following  results : — 

Moisture   5'77  per  cent. 

Nitrogen,  .""O"  per  cent.,  equal  to 
gluten  (the  flesh-forming  element)     1S-!)S  ,, 

Fatty  Matter   "'S!) 

Starch,  gum,  cellulose,  &c   71'51  „ 

Saline  matter,  chiefly  phosphates.  . .       1'35  „ 
'  These  results  are  remarkable  in  several  respects  ;  as  for  the  small  quantity  of.  moisture 
contained  in  the  article,  the  large  amount  of  the  flesh-forming  material,  of  fatty  matter, 
and  of  phosphates.   Further  they  demonstrate  that  this  Food  is  of  a  highly  nourishing 
character,  and  admirably  suited  for  the  sustenance  of  Infant  Children  and  of  Invalids." 


Many  other  medical  and  private  testimonials  might  he  added,  but  they  arc  unne- 
cessary, as  a  trial  will  be  a  most  satisfactory  i^roof  of  excellence. 


Weave's  Food  is  sold  in  Shilling  Tins   by  Chemists  and  Grocers 
at  home  and  abroad. 


J.  R.  NEAVE  &  CO.,  MANUFACTURERS,  FORDINGBRIDGE. 
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AS  SUPPLIED  TO  THE  ROYAL  NURSERIES. 


Specially  prepared  on   ihe  principles   recommended  by 

BARON  LIEBIG. 


"The  Infant  Prince  has  taken  this  Food  for  some  months 
past,  and  thrives  upon  it  as  a  Prince  should."— Dr.  Richardson. 

MEDICAL  AND  SCIENTIFIC  TESTIMONY. 

"In  the  preparation  of  an  infant's  food,  required  at  all  hours  of  the  day  and  ni^ht 
ike  saving  of  time  and  ironble  is  of  ihe  utmost  importance.    'The  Infants'  food  of 
Messrs.  Savory  &  Moorb  is  a  real  improvement'  on  the  ordinary  preparations."— 

The  La.ncet. 


_  '•  We  can  tell  from  our  own  experience  that  this  Food  once  tried,  becomes  a  favor- 
ite in  the  nursery,  and  that  children  thrive  well  on  it." — Medical  Times  and  Gazette, 

"  Savory  &  :Moore  have  saved  mothers  and  nurses  much  time  and  trouble  by 
■supplymg  them  with  a  Food  for  Infants  in  a  very  convenient  form,  and  of  a  composition 
that  can  always  be  relied  on.  It  can  be  taken  when  nothing  else  can.  It  has  been 
analysed  and  examined  by  Drs.  Lankkster  and  Richardson  and  has  been  prvVctically 
tested  on  no  less  a  person  than  a  Royal  Prince."— The  Medical  Press 


.  "Dr-  HASSALL,  reports,  "This  Food  is  eminently  adapted  to  the  food  of  infants, 
■oemg  highly  nounshmg,  and  what  is  of  the  greatest  consequence,  of  easy  digestibility." 

Dr.  T.  HERBERT  BARKER,  p  r.s.,  Anihor  of  "Right  Foods  for 
Infants  and  Chiltiren." 

"  The  Liedig's  Food  of  Messrs.  Savory  &  ilooRE  is  the  Best  Preparation,  all  the 
crude  products  contained  therein  being  made,  by  scientific  manipulation,  more  susceptible 
of  the  transformation  necessary  for  their  easy  assimilation,  while  other  v.ilu.able  nutritive 
ingredients  are  added,  which  give  it  a  closer  resemblance  to  the  natural  food,  and  so  make 
It  far  superior  in  promoting  the  healthful  growth  of  children.  This  resembles  .mother's 
MILK  as  CLOSBLY  AS  POSSIDLE." 


SAVORY    &  MOORE, 

«]^mists  ta  l^c  mum,  f.^.f.  f^t  irina  of  muha, 
W).W.  tin  %i)^Mbs:  of  &smt,  &c., 

143,   NEW   BOND  STREET,  LONDON. 

*    AND  86,  KING'S  ROAD,  BRIGHTON, 

Sold  in  Tins,  1/-,  2/-,  5/-,  and  10/-  each- 
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THE  NEW  FOOD. 

F  afTTn  a 

V  I  T^. 

Patented  in  Great  Britain,  the  United  States,  France, 

and  Belgium. 


Pronounced  by  the  Faculty  and  the  Medical  Press— 

'UNQUESTIONABLY    THE     BEST  DIET 
FOR  CHILDREN   &  INVALIDS.' 


The  peculiarity  of  Fakina  Vit;e  consists  in  the  near  assimilation  of  the- 
elements  and  principles  of  certain  flours  and  meals,  in  such  proportions  as- 
will  render  the  mixture  chemically  identical  with  the  constituents  of  the- 
human  body  itself.  It  is  therefore  obvious  that  the  use  of  Fakina  Yitm. 
•will  effect  a  vast  economy  of  the  vital  forces  of  the  body.  It  is  very 
agreeable  to  the  palate,  and  can  be  prepared  in  many  delicious  forms  for  the- 
table. 

It  relieves  indigestion,  constipation,  and  disorders  of  the  stomach,  and 
maintains  the  body  in  sound  health.  More  nutritious  than  meat ;  exceptionally 
rich  in  phosphates ;  most  excellent  for  puddings,  custards,  omelettes,  soups,  &c.. 


SOLD  EVEBYWHEBE.    lib.  Packets,  Is.  6d. 


MAirt-FACTURED  BY 

Holland  Stueet,  Elackfkiaus,  London. 
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dr.a.h.hassall's  food 

EOE,  UMTS,  CHILDREN,  &  IIYALILS. 
THE  BEST  FOOD  FOR  INFANTS  AND  INVALIDS. 


DR.  ARTHUR  HILL  HASSALL,  M.D.,  recommends  this  as  the  best  and 
most  nourishing  of  all  Infants'  and  Invalids'  Food  -which  lias  liitherto 
been  brought  before  the  public.  It  contains  every  requisite  for  the  full  and 
healthy  support  and  development  of  the  human  body,  and  is,  to  a  considerable 
■extent,  self-digestive. 

MEDICAL  TESTIMONY. 

Extract  from  tbe  Lancet,  February  20, 1S75. 
'One  of  the  best  Foods  that  has  yet 
been  devised.' 


Extract  from  the  Meilical  Timex  and  Gazette, 
April  10, 187-3. — 'Like  the  two  most  per- 
fect types  of  Food,  Milk  and  Bread,  this 
Food  contains  all  the  necessary  elements 
for  sustenance  and  growth.' 

■Extract  from  C.  Kstcourt,  Public  Food 
Analyst  for  Manchester.  —  '  Invaluable 
Food  for  Infants,  or  persons  of  delicate 
digestive  power.' 

Extract  from  Ai.fiied  Hn,L,  M.D.,  Medical 
Officer  of  Health,  Birmingham.— '  A  nu- 
tritious, readily  digestible,  and  very  agree- 
able Food,  adapted  for  Infants,  Children, 
and  Invalids.' 

■Sxtract  trom  W.  Trenxii,  M.D.,  Medical 
Officer  of  Health,  Liverpool.—'  Tour  Food 
is  a  valuable  addition  to  the  dietetics  of 
the  sick  room.' 

Extract  from  I.  CAjn^nETj.  BnowN,  M.D., 
Public  Food  Analyst  for  Liverpool.—'  Far 
more  desirable  as  a  Food  for  young  Children 
than  the  numerous  starchy  foods  which 
are  so  much  in  use.' 

Extract  from  Britiih  Meilical  Journal. — '  It 
assimilates  in  its  nutritive  value  closely 


to  milk,  the  natural  Food  for  Inf.nnts.' 
Fi'om  John-  Houslicy,  F.C.S.,  Pnblic  Ana- 
lyst for  the  county  and  city  of  Gloucester. 

■Sold  by  Druggists,  Grocers,  Oilmen,  &c.,  in  Tins,  6d.,  Is.,  2s.,  3s.  6d.j 


'  Analyst's  Laboratory,  Police  Station, 
Cheltenham,  county  of  Gloucester,  July 
31, 1875.- -Closely  allied  to  the  composition 
of  human  miUc,  I  have  no  donbt  it  will, 
par  excellence,  take  the  first  place  in  the 
dietary  of  any  household  where  there  are 
children  and  invalids.' 
From  Francis  Shttox,  F.C.S.,  Public  Ana- 
lyst for  Norwich. — '  Country  Analyst's 
Office,  Norwich,  July  31,1875.— One  of  the 
most  perfect  Foods  for  infants  and  went 
persons  that  has  ever  come  under  my 
notice.' 

From  W.  -Walton  Stodd.uit,  F.G.S.  and  C., 
Analytical  Chemist,  Analyst  for  the  city 
of  Bristol,  August  3,  187.3.— 'A  valuable 
and  appropriate  Food  for  Infants  and 
Invalids,  on  account  of  its  nutritive  qua- 
lities, and  the  ease  with  which  it  is  assi- 
milated.' 

From  Edwabd  Moore,  Public  .Analyst  for 
Brighton,  August  7,  1875. — 'From  prac- 
tical experience  of  the  Pood,  its  careful 
constitution  fits  it  for  just  those  cases 
where,  as  in  infants  prematiu-ely  weaned, 
an  artificial  aliment  is  unavoidable.' 
From  Henhy  Johnson,  M.D.,  Slirewsbury, 
August  7,  1875. — '  A  great  boon  to  the 
nursery  and  sick  room.  Easy  of  diges- 
tion, very  sustaining  .is  well  as  palatable.' 


6s.,  15s.,  and  28s.  eacli. 


A  short  Treatise  by  Dr.  ARTHUR  HILL  HASSALL,  M.D.,  on  the 
'  Alimentiition  of  Infants,  Children,  and  Invalids,'  can  be  had  for  distribution 
free,  on  application  to  the 

JIaimfacturers:  Messrs.  GOOD  ALL,  BACKHOUSE  &  Co. 

LEEDS. 
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CAN  BE  USED  WITH  OR  WITHOUT  MILK 


1 


FOR  INFANTS  INVALrOS.  &c 

*'T,.^S,o^fhat  Corn  Flo^  P^ri  ris  not  Sol  b^^^^     Starch',  prepared  by  washi,w 

been  sacrificed  for  the  sake  of  appearance. 

Dr  BARTLETT,  the  celebrated  Analyst,  writes  to  Dr.  EmGE  &  Co.:-  your  i<ooa 
provS^perl^tlyYenine;  whUe,  for  infants  and  invalids,  the  lightness  must  be  a  most 

valuable  quality^  after  a  full  analysis,  says :-'  These  results  show  that  this  Food  contains 
consSuS^^n^g  to  each  of  Irion?  classes  into  which  foods  have  been  c  i^d^d  |iz 
am"e^s  S^^.  nitrogenous,  and  mineral.  It  is  there  ore  a  yery  nutritious  article 
of  diet  weU  adapted  for  the  use  of  infants,  children,  and  invalids. 

SOIilD    B-ST    -A-LXi  CHEnyCISTS. 
Maxotactohy  : 

ROYAL  PATENT   FOOD  MILLS.  KINGSLAND,   LONDON.  N. 

E.  LAZENBY  &  SON'S 

PICKLES,   SAUCES,  AND  CONDIMENTS. 

E.  LAZENBY  &  SON,  sole  proprietors  of  the  celebrated  Eeceipts  and 
manufactui-ers  of  the  Pickles,  Sauces,  and  Condiments  so  long  and  favourably 
distinguished  by  their  name,  beg  to  remind  the  public  that  every  article  pre- 
pared by  them  is  guaranteed  as  entirely  unadulterated. 


92  WIGMORE  STREET,  CAVENDISH  SQUARE 

(Late  6  Edwahds  Steebt,  Portjian  Square); 

AND 

18  TRINITY   STREET,   LONDON,  S.E. 


HARVEY'S  SAUCE. 

CATTTION.— The  admirers  of  this  celebrated  Sauce  are  particularly 
requested  to  observe  that  each  bottle  prepared  by  E.  LAZENBY  &  SON  boars 
the  label,  used  so  many  years,  signed  '  Elizabeth  Lazenby.' 
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COLMAN'S 

BRITISH 

CORN-FLOUR 

.  (PBEPARED  FBOM  EICE.) 

Is  especially  adapted  for  Bianc-Mange,  Custards, 
Puddings,  Cakes,  Soups,  do.,  and  is  a  most 
wholesome  food  and  easily  digested  by 
Children  and  Inualids  when  prepared  with 
milk. 


Extract  from  the  Report  of  the  Committee  presented  to  the 
House  of  Commons  on  yd  July,  1874  ; — 

The  attention  of  your  Committee  has  been  called  to 
the  Article  known  as  Corn-flour,  in  reference  to  which 
important  evidence  as  to  its  purity  and  its  useful  dietetic 
qualities  has  been  given  by  some  eminent  and  chemical 
authorities,  which,  however,  is  denied  by  one  witness. 
Your  Committee  are  fully  convinced  that  the  manufacture 
is  quite  legitimate,  and  that  like  Arrowroot,  Sago,  and 
other  starch  foods,  Corn-flour  is  perfectly  wholesome,  but 
that  it  should  not  in  any  case  be  given  to  infants  without 
a  considerable  admixture  of  milk. 


MUSTARD  AND  CORN-FLOUR  MANUFACTURERS, 
108  Cannon  Street,  London. 
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THE 


BEST  CORN  FLOUR 

13 

ANDREW  ERKENBRECHER'S 


TRADE 


MARK 


ST.  BERNHARD. 

"  C  O  R  N  E  N  A  " 

AWARDED  TWO  MEDALS  OF  PROGRESS 

(THE   HIGHEST  PUEMIUMS), 

Ji-T    viEisri<r^,  1873, 

Fop  Process  of  Manufacture  and  Quality  of  Goods   AGAINST  149 
COMPETITORS  from  aU    pai-ts  of  the  world,  after  a  thorough]  and 
searching  test  by  a  Jury  of  skilled  Experts  in^Chemistiy. 


Highest  Awards  at   CINCINNATI  INDUSTRIAL 
EXPOSITION,  1870  and  1871, 


FIRST  GOLD   MEDAL,   BREMEN,  1874. 

Vide  'THE  GEOCER,'  Jul;/  3,  1875. 
'  As  the  cost  of  this  com  flour  brings  it  within  the  reach  of  all  classes,  and 
as  it  is  an  article  of  undeniably  good  quality,  wo  have  little  doubt  that  it  will 
become  popular  in  this  country.' 

;•  SOLE  AGENT  FOR  THE  UNITED  KINGDOM:— 

IP.     I»A31:3IXh2X?,    59    MAEK    LANE,    LONDOW,  EC. 

3  o 
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ACADEWIIE  NATIONALE. 


ACADEMIE  NATIONALE. 


TWO  GOLD  MEDALS.^ 
THREE  ROYAL  WARRANTS. 


PARIS. 


Never  be  without 


KEEN 


MUSTARD. 


The  Maniifecturers  publicly  guarantee  that  all  Canisters  covered 
■with  their  ■ -well-known  Eed  and  Yellow  Labels  contain  nothing  but 
the  pure  Flour  of  Mustard,  of  a  quality  calcul»t?l  to  maintain  the 
reputation  acquired  by  their  firm  during  the  past  130  years. 


KIN!  GhSEOR.D'S 

Oswego  Prepared  Corn, 

FOR  PUDDINGS,  CUSTARDS,  BLANC  MANGE,  ETC. 

The  Original  and  Best  of  all  Similar  Preparations. 


Dr.  Hassall  reports—'  THE  OSWEGO  PEEPARED  CORN  has 
been  known  to  me  for  many  years  ;  it  is  very  pure,  and  may  be  regarded 
chemically  and  dietetically  as  an  arrowroot ;  taken  in  conjunction  witli 

■      Milk  or  Beef  Tea  it  constitutes  a  valuable  article  of  diet  for  Infants 

j     and  Young  Children.' 
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THE 

AYLESBURY  DAIRY  COMPANY, 

LIMITED. 


SBircctmjS. 

W.  T.  CHAELEY,  Esq.,  M.P.,  o  Crown  Office  Kott,  Temple. 
THOMAS  HUGHES,  Esq.,  Q.O.,  80  Park  Street,  Grosveuor  Square,  W. 
NASSAU  J.  SENIOE,  Esq.,  Elm  House,  Lavender  Hill,  S.  W. 
GEOEGE  SMITH,  Esq.  (Messrs.  SmitL,  Elder,  &  Co.)  15  Waterloo  Place, 
PaU  Mall,  S.W. 

G.  MANDEE  ALLENDEE,  Esq.,  Managing  Director,  Belgrave  Mansions, 
Grosvenor  Gardens,  S.W. 

iiPcJJiral  antf  _ fiinmtar  1)  Jtns"iJcrt0r. 
EENEST  HAET,  Esq.,  59  Queen  Anne  Street,  Cavendish  Sipare,  W. 

iPcirtcal  3S0artf. 

E.  H.  SIEVEKING,  Esq.,  M.D.,  P.E.CP., 
Physician  Extraordinary  to  Her  Majesty  tlie  Queen  ;  Physician  in  Ordinary  to 
H.E.H.  the  Prince  of  Wales  ;  Physician  to  St.  Mary's  Hospital. 

CHAS.  MUECHISON,  Esq.,  MD.,  LL.D.,  F.E.S., 

Physician  to  St.  Thomas's  Hospital. 

JOHN  WHITMOEE,  Esq.,  M.D., 
Medical  Officer  of  Health  and  Public  Analyst. 
WILLIAM  HAEDWICK,  Esq.,  M.D., 
Medical  Officer  of  Health  and  Public  Analyst. 

Ct)ief  (Sfficr. 

ST.  PETEESBUEGH  PLACE,  BAYSWATEE,  W. 

^ccrctarj). 

Mr.  HENEY  AVHELAN. 


TnE  Aylesbhuv  PAinY  Comtant  are  now  supplying  Milk  to  a  large  number  of 
private  families. 

Their  carts  visit  all  parts  of  the  W.,  S.\V.,  and  N.W.  districts  two  and  three  times  daily. 

By  arrangements  lately  completed,  they  are  in  a  position  to  supply  an  increased  number 
of  customers  with  pure  Milk  from  cai'efully-selected  farms,  and  from  their  own  cows  in. 
London. 

Hie  Directors,  having  regard  to  the  alarming  disclosures  made  during  the  last  few  years 
with  respect  to  the  conveyance  of  disease  by  means  of  milk,  have  initiated  a  system  of 
inspection,  examination,  and  analysis  by  skilled  and  responsible  persons,  to  wliich  they 
desire  to  call  attention,  and  by  which  they  feel  that  the  Company  is  in  a  position  to  give 
every  possible  assurance  of  safety  to  their  customers. 

The  names  of  the  Gentlemen  forming  the  Directory  and  Medical  Boards,  with  their 
'Isnitary  Inspector,  Mr.  Ernest,  Hart,  are  a  sufficient  guarantee  that  the  ellicieacy  of  the 
working  of  the  Company  is  thoroughly  attended  to. 

All  orders  to  bo  addressed  to 

Mr.  HENRY  WHBLANy 

Heirtlary. 

3  o  2 
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Orchard  Street, 


Portman  Square. 


29 


BELGRAVIA. 


Ebury  Street, 


151  &  153 


The  Foot  and  Moutli  Disease  appears  now  to  have  become  "an  annual 
■visitation,  and,  in  the  absence  of  any  Government  control,  there  is  a  risk  of 
some  milk  from  the  diseased  cows  being  sent  to  London  for  sale. 

The  small  Dairymen  who  purchase  their  supplies  from  the  large  -wholesale 
dealers  have  no  knowledge  whatever  of  the  Farms  on  which  tlieir  milk  is  pro- 
duced, and  consequently,  however  excellent  their  intentions,  have  no  security 
as  to  its  absolute  freedom'from  taint.  Immunity  can  only  be  seciu-ed  by  such  an 
Establishment  as  The  Dairy  Eefohji  Company,  whose  extensive  business  and 
high  organisation  embraces  a  complete  system  of  professional  inspection. 

In  addition  to  this,  the  Farms  supplying  them  are  carefully  inspected  by 
the  Directors  personally,  who  are  experienced  and  practical  men,  exercising  a 
daily  control  over  the  business,  and  not,  as  in  some  other  Companies,  gentle- 
men of  well-known  names  living  in  London,  whose  extensive  professional 
engagements  preclude  the  possibility  of  any  real  supervision. 

The  Dairy  Eeform  Compaxy  was  the  first  to  organise  a  complete  system 
of  Sanitary  Inspection  of  their  Farms,  and  they  are  now  carefully  watched  by 
professional  gentlemen  residing  on  the  spot,  and  thus  absolute  safety  is  secured. 

Besides  their  usual  deliveries  of  3Iilk  and  Cream,  The  Daisy  Eeform 
Co-MPANY  have  lately  made  arrangements  to  supply  their  Customers  with  the 
vei-y  best  Fresh  Butter  and  New  Laid  Eggs. 

For  particulars,  apply  at  either  of  the  Company  s  Branches. 

The  Farm  Inspection  Certificates  are  open  for  the  examination  of  Customers, 
at  29  Orchard  Street. 


29  ORCHARD 


W. 


STREET,  /  \151  &  153  EBURY  STREET 


/CHIEF  OFFICE:-  N 

29  Orchard  Street, 
Portman   Square,  W. 
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NORWEGIAN  CONDENSED  MILK 


BEAR 


BRAND. 


€ONDENSED  from  the  purest  Milk  of  Cows  fed  on  the  natural 
pastures  of  the  healthful  mountain  ranges  of  Norway,  where 
■disease  is  unknown,  and  the  milk  produced  is  peculiarly  rich  and 
wholesome.  Being  prepared  by  the  newest  and  best  process  and 
2ierfectly  genuine,  its  flavour  is  more  like  cream  than  milk,  and 
for  deUcate  children  and  invalids  will  be  found  most  valuable.  For 
the  table  it  is  not  to  be  surpassed. 

The  Gbocbk,  May  22,  1875,  says: — 
NoEWEGiAif  Condensed  Milk. — This  is  a  new  article  vvliich  has  just  been  brought 
'before  the  notice  of  the  trade,  As  tlie  name  denotes,  this  milk  is  condensed  in  Norway 
■where  the  industry  is  entirely  new.  It  is  prepared,  according  to  Borden's  process,  by 
the  IS'orwegian  Condensed  Milk  Company,  who,  in  order  to  insure  that  their  article 
shall  be  of  the  first  quality,  have  engaged  a  gentleman  for  many  years  employed  as  con- 
.denser  in  Borden's  establishment.  The  FLAVOUR  of  this  new  condensed  Milk,  which 
is  sold  under  the  title  of  the  '  Bear  Brand,'  is  all  that  could  be  desired,  and,  with  regard 
■to  its  perfect  purity,  the  testimonials  of  'eminent  analysts'  may  surely  be  accepted 
upon  that  point.  It  may  be  noticed,  also,  that  the  article  is  prepared  from  the 
PUREST  mile:  of  cows  which  are  fed  on  natural  pastures,  audit  will  readily  be 
.imagined  that  the  flavour  of  the  condensed  milk  procured  from  such  sources  is  superior 
rto  that  obtained  from  cows  fed  on  artificial  i)asturcs  &c.  Having  regard  to  the  excellent 
quality  of  this  condensed  milk,  and  the  increasing  demand  which  appears  to  exist  for 
such  an  article,  we  have  no  doubt  that  the  '  Bear  Brand '  will  become  very  popular. 

PREPARED  IN  HEDEMARKEN,  NORWAY. 
GENERAL  AGENT:- ALEXANDER  BARNEVELD, 

18  Trinity  Square,  Tower  Hill,  E.G. 
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TO   FARMERS,  CHEESEFACTORS,  AND  DAIRYMEN 

Wlio  %rish  tlieir  Cuekse  to  have  a  Prime  Colour,  and  meet  a  Heady  Sale  in  the  Londoiii 

and  othei'  Great  Markets. 


R.  J.  FULLWOOD  &  CO. 

OEIGINAL  INVENTORS  OF  THE 

CELEBRATED   FLUID  EXTRACT 

OF 


Tlie  superiority  of  this  truly  excellent,  pure,  and  unadulterated  Annatto 
consists  in  its  producing  in  Cheese  and  Butter  that  rich,  permanent  brigllt 
golden  cowslip  tint  so  much  desired  by  all  Cheese  and  Butter  Factors, 
and  SO  universally  approved  in  the  London  and  other  great  markets. 

Messrs.  E.  J.  Full  wood  &  Co.'s  Fluid  Extract  of  Annatto  now  stands 

unrivalled,  and  triumphant  all  ever  the  world.  It  is  purely 

vegetable,  can  always  be  relied  upon,  uniform  in  strength  and  quality,  and 
cheaper  than  any  other  article.  The  great  celebrity  of,  and  increasing  demand 
for,  Fullwood's  make  has  led  to  spurious  imitations.  To  protect  the  consumers 
from  fraud  Messrs.  E.  J.  Fullwood  &  Co.,  after  using  the  '  Cow '  stamp  for  80 
years,  now  stamp  all  their  preparations  with  their  new  Trade  Mark  as 
above — '  A  Stag  with  Olive  Branch ' — to  counterfeit  which  is  felony. 


To  be  had  only  Genuine  from  the  Annatto  Works  of 

K.  J.  FULLWOOD  &  CO., 

24  SOMERSET  PLACE,  BEVENDEN  STREET,  HOXTON,  LONDON. 

Established  1785. 
BoTTiES  Fuix  Impeeiai  Measttee. 


£old  I7iro7iff7iont  England  and  the  Colonics  by  Chemists,  Druggists,  and  Grocers; 
but  see  yov.  get  R.  J.  Fullwood's,  with  '  Stag  '  Trade  Mark. 
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MESSRS.  HILL  &  SON, 

BAKEES  BY  APPOINTMENT  TO  THE  QUEEN 

{Daied  April  19th,  1842), 
60    BISHOPSGATE    STREET  WITHIH", 

AXD 

3  ALBERT  MANSIOITS,  VICTORIA  STREET,  S.W., 

Beg  to  solicit  a  trial  of  their 

'HART'S  WHOLE  MEAL  UNFERMENTED 
BREAD  AND  BISCUITS.' 

This  Bread,  -which  is  laado  from  the  finest  Whole  or  undressed  Meal,  con- 
tains, in  perfect  purity,  the  whole  constituents  of  the  grain ;  tl\e  phosphates 
and  other  inorganic  salts  so  necessary  for  the  proper  growth  and  formation  of 
the  hones  and  teeth,  and  which  are  generally  resident  in  the  husk,  not  being 
removed.  For  children,  and  for  persons  who,  from  leading  a  sedentary  life, 
suffer  from  dyspepsia,  it  is  invaluable. 

REPORT  FROM  DE.  HASSALL. 

'The  Axaltiical  Santtaby  iNsxinj-noN,  2  AiiKLrHi  Terrace,  W.C., 

London  :  7lh  November,  1870. 
'  I  have  made  a  full  and  careful  analysis  of  a  sample  of  "  The  Whole  Meal  Ukfer- 
MEXTED  Bread,"  as  manufactured  by  Messrs.  Hill  &  Son. 
'  It  possesses  several  advantages  over  ordinary  white  bread. 

'  In  addition  to  its  more  agreeable  flavom-,  and  greater  keeping  properties,  these  advan- 
tages are —  .      ,  ,  ■  ,  .  -u- 

'  That  it  contains  a  larger  proportion  of  Nitrogen,  and  is  hence  more  nourishing. 
'  That  the  quantity  of  oily  or  fatty  matter  present  is  greater. 

'  That  it  contains  the  peculiar,  natural,  fermentive,  or  digestive  principle  termed 

"  Cerealin." 
'  That  it  is  richer  in  phosphates. 

'  That  it  is  not  so  prone  to  generate  acid  products  as  is  ordinary  bread  made  with 
yeast. 

'  For  the  above  reasons  this  Bread  is  to  be  regarded  as  a  highly  valuable  article  of  diet, 
suited  alike  for  the  healthy  and  the  sick,  but  especially  for  the  young  and  the  dyspeptic. 

'  ABTHUB  HILL  HaSSALL,  M.D.' 
Author  of '  Food  and  its  Adulterations,'  '  Adulterations  Detected,'  Jcc. 


WHOLE  MEAL  FLOUE,  V)d.  peii  Quartern. 
WHOLE  MEAL  GEITS  for  Majono  Pouuidoe,  Wd.  Pfu  Quartern. 
WHOLE  MEAL  SCONES,  strongly  Bccommended  by  many  Medical  Men. 
(The  Whole  Meal  Scones  being  soft  and  easily  masticated,  are  admirably  adapted  for  use  by 

elderly  people.) 

For  convenience  of  persons  residing  in  the  Country,  Hill  &  Son  will  forward  Wltol  Meal  or 
Orits,  with  Instructions  for  mcmufacturimj  either  Bread  or  Porridge. 

List  of  Whole  Meal  Biscuits  /orwardti  on  application. 
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POOLEY'S 


PATENT 


MALT  BREAD. 


TT  may  be  stated  as  an  axiom,  that  other  things  being  equal,  the  measure  of 
-L  a  man's  strength  will  be  in  proportion  to  the  amount  of  nutritive  food  he 
can  take  and  assimilate. 

_  Bread  being  universally  consumed,  in  larger  quantity  than  any  other  food, 
it  is  of  the  utmost  importance  that  it  should  contain  the  largest  amount  of 
nutriment  in  the  most  readily  assimilative  form. 

It  is  well  known  that  Invalids,  and  those  whose  digestion  has  become 
impaired,  cannot  take  sufficient  ordinary  Baker's  Bread  to  supply  the  need  of 
nourishment  to  the  wasted  body  ;  hence  the  rise  of  so  many  attempts  to  supply 
concentrated  nourishment  in  such  cases,  with  but  very  imperfect  results. 

By  the  addition  of  Malt  to  Wheat- Flour,  in  the  process  of  making,  it  has 
been  found  that  the  resulting  Bread  is  much  more  readily  digested,  the 
stomach  being  saved  a  portion  of  the  preliminary  process  of  preparing  it  for 
assimilation. 

The  advantage  of  this,  in  so  many  cases  familiar  to  the  Medical  Prac- 
titioner, will  be  self-evident;  and  it  is  confidently  anticipated  that  the 
Patent  Malt  Bread  will  speedily  become  the  standard  Bread  for  persons 
with  feeble  powers  of  digestion. 

DR.   HASSALL'S  REPORT 

On  a  Sample  of  PATENT  MALT  BREAD  received  from 
Mr.  JOHN"  C.  POOLEY. 

'  This  bread  is  of  a  sweet  and  very  pleasant  odour  and  taste,  and  possesses  a  malt-like 
flavour.  Subjected  to  analysis  it  was  found  that  it  contained  less  than  the  usual  per- 
centage of  moisture,  that  it  was  free  from  alum,  and  in  all  other  respects  genuine  and  of 
good  quality. 

•  The  flavour  and  other  peculiar  characteristics  of  this  bread  are  no  doubt  due  to  the 
presence  of  the  malt-flour,  the  diastase  contained  in  which,  promotes  greatly  the  conversion 
of  the  starch  into  sugar,  and  thus  renders  the  subsequent  digestion  more  easy  and  rapid. 

'ARTHUR  HILL  HASSALL,  M.D. 

'14  John  Street,  Adelphi,  June  12th,  1875.' 


POOLEY'S   PATENT  MALT  BREAD 

Is  not  only  more  readily  digested,  but  is  more  nutritious,  more  agreeable  to  the 
palate,  and  will  keep  sweet  and  moist  much  longer  than  ordinary  Bread. 

Licenses  granted  to  Bakers,  on  easy  terms,  in  Districts  not 

yet  occupied. 


JOHN  C.  POOLEY,  Chemist,  Bath,  Patentee. 
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HICKS'S    BAKING  POWDER 


PUDDINGS 

WITHOUT 

ECC  S 


PAS  TR  r 

wrTM  LESS 
BUTTER, 


SUPERXOR  TO  YEAST. 
FOR  MAKING  BREAD,AND  CAKES. 
LIGHT,  WHOLES0ME,&  DIGESTIBLE. 


FACSIMILE   OF  LABEL. 

The  above  Baking  Powder,  having  acquired  in  a  very  short  period  a  large 
sale,  now  holds  a  leading  position  among  the  various  compounds  of  its  kind. 
This  has  resulted  solely  from  the  actual  merits  of  the  preparation.  In  its 
manufacture  ho  materials  but  the  very  finest  and  purest  are  used,  and  their 
proportions  are  so  acciu-ately  arranged  that  Bread  or  Cakes  made  with  this 
Powder  are  perfectly  sweet  aud  palatable,  having  no  trace  of  bitterness,  which 
often  arises  from  the  use  of  some  Baking  Powders,  as  it  also  frequently  does 
when  Brewer's  Yeast  is  employed. 

HiCKs's  Bakixg  Powder  can  therefore  be  highly  recommended  for  all 
kinds  of  Bread,  Cake,  Puddings,  or  Pastry ;  and  the  subjoined  extract  from 
Dr.  Hassall's  analytical  report,  is  satisfactory  evidence  of  its  -^holesomeness, 
and  superiority  over  many  other  Baking  Powders. 

{Extract  from  Reiwrt.") 
'Of  the  many  Baking  Powders  Hicka's  Powder  appears  to  me  to  be  one  of'tlie  most 
suitable    It  is  composed  of  perfectly  harmless  ingredients,  and  is  FREE  PROM  ALUM,  so 
frequently  introduced  into  bread  for  the  purpose  of  rendering  it  white,  which  substance  is 
present  in  many  Baking  Powders.'  '  .   „  .  ^ 

^  ARTHUR  H.  HASSALL,  M.D. 

Author  of  'Pood  and  its  Adulterations,'  'Adul- 
terations Detected,'  late  Editor  of  '  Pood, 
Water,  and  Air.' 

Sold  by  Grocers,  Druggists,  and  Com  Chandlers,  in  Id.  and  2d. 
packets,  and  6d.  and  Is.  Patent  Boxes. 


WHOLESALE  OF  THE  MANUFACTUEERS, 

HICKS,  BROTHERS, 

1   MAIDEN     LANE',    Q;U  E  E  N  STREET, 
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FREEMAN'S 
DI6ESTIVE  BAKING  POWD 

DIGESTIVE  EGG  POWDER. 


LAI?,GJ-EST  FEINTS' Y  l^ACrtETS. 
BEST  QUALITY   EVER  SOLD. 


Dr.  BHETON,  Ph.D.,  says  :— '  I  find 
your  Digestive  Baking  Powder  is  what  an 
article  of  Domestic  economy  ought  to  be — 
piiEE  PROM  Alum  or  aut  ixjuriods  ix- 
GREDiENT.  I  have  also  been  enabled  to 
observe  the  excellent  quality  o£  each  article 
used  in  the  manufactui'e.  A  Baking  Powder 
thus  prepared  needs  no  comment.' 

Signed— Walter  SiiETON,  Ph.  D., 
Author  of  '  Report  on  Drinking  Waters  on 
South  Coast '  &c.  &o. 


Db. BRETON,  Ph.D.,  says  :— 'Freeman's 
Digestive  Egg  Powder  will  be  found  to  lessen 
the  labour  in  making  Puddings  &c.,  as  with 
the  use  of  this  Powder  it  can  be  mixed  and 
laid  aside  until  convenient  to  be  cooked.  I 
find  also  the  absence  oe  Alum  or  ant  in- 
JUiiiODs  INGREDIENT.  This  Powder  can 
therefore  be  added  to  the  list  of  digestible 
articles  of  diet.' 

Signed — Walteh  Breton,  Ph.D., 
Public  Analyst, 
Author  of  'Reports  on  Drinking  Waters  '&c. 


These  articles,  on  merit  alone,  haye  had  an  enormous  sale  during  the 
past  seven  years,  and  their  continually/  increasing!  sale  is  the  best  proof  of  their 
superior  qualities. 

We  will  not,  however,  make  much  comment,  but  respectfully  refer  you  to 
the  Trade  Mark— TRY  IT. 


JUDGE  FOR  TOURSELVES-A  PENNY  PACKET  CAN 

BE  THE  TEST. 


Sold  hy  Corn  Dealers,  Grocers,  Oilmen,  Sj'c,  Everyxohere. 
Manu  facttjrehs — 

DOVER  ROAD,  BOROUGH,  LONDON,  S.E. 
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QOLMAN'S 


GENUINE 


Mustard 


Is  the  PUEEELOUE  of  tlie  EIKEST  MUSTAED  SEED., 
and  can  lie  obtained  of  all  G-rocers  and  Oilmen. 


Otlier  Qualities  are  admixtures  and  are  sO' 
notified  on  each  package. 

J.  &  J.  COLMAlSr  beg  to  call  special  attention 
to  the  fact  that  their  Genuine  Mustard  is 
always  labelled  "  WABRANTED  PURE," 
while  all  their  qualities  of  MIXED 
MUSTARD  bear  the  printed  notice—"  This 
preparation  is  an  admixture  of  Pure 
Mustard  with  Farina  and  Choice  Condi- 
ments.        o/J^ooif  6"  Drw^s  ^  cf,  3  8    3  9  Fic^. ,  c/i  .63. 


TRADE  MABK. 


BULL'S  HEAD. 


108  Cannon  Street,  London. 
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Aclvertlsmimts. 


SMITHDALE'S 


Unrivalled  for  Purity 
and  < 


t 


GENUINE 


Excellence. 


I 


Ask 


NORWICH 


your  Grocer 


MUSTARD 

IS  THE  BEST. 

SOVEREIGN  LIFE  OFFICE, 


48    ST.  JAMES    STREET,  S.W. 
'City   Branch— 122    CANNON  STREET, 


The  last  Report,  copies  of  -wliich,  with  the  statements  of  accounts,  can  bo 
■obtained  on  application,  shows  that  a  sum  equal  to  40  per  cent,  of  the 
premium  income  was  added  to  the  funds,  while  the  general  income  was 
increased. 

349  Policies,  areraging  £535  each,  were  issued.  ' 

The  Directors  continue  to  make  advances  to  assurers  in  tho  office  ou 
■liberal  terms. 


LONDON. 


Sir  J.  R.  CAEMICHAEL,  Baet. 


Da.  ASHBUENEK. 
Col.  J.  P.  BATHUEST. 
JOHN  GARDINEE,  Esq. 


CHAS.  W.  REYNOLDS,  Esq. 
Sir  J.  E.  EARDLEY  WILMOT, 
Bart.,  M.P. 


I 


H.  D.  DAVENPORT,  Secretary. 
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GLENFIELD. 


THE 
QUEEN'S 
LAUNDKESS 
SAYS    THIS  STAECH 
IS  THE  BEST 
SHE  EVER 
USED. 


GLENFIELD. 

EICHIOID  &  GLAEO, 


FROM  E. 


PURE  MALT  VINEGAR 


{Made  entirely  from  Grain) 
In  CASKS  of  12fc  25,  30,  50,  and  60  Gallons. 


Delivered  free  to  any  Railway  Station  within 
120  miles  of  Frome. 


Gaaica  allowed  for  as  charged,  if  returned  in  good  condition^ 
PRICE  LISTS  ON  APPLICATION  AS  ABOVE. 
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EIGHT  GOLD  MEDALS  AND  GRAND  DIPLOMAS  OF  HONOUR 

For  BEST  QUALITY,  and  as 
POUJSTDERS  of  a  NEW  BEANCn  of  INDUSTRY, 


LIEBfG 


COMPANY'S 

OF  MEAT. 


EXTRACT 


Manufactured  by  Liebig's  Extract  of  Meat  Company,  Limited. 

No.   43    MARK    LANE,  LONDON, 

AT  THEIR  MANCFACTOniES  IN  SOUTH  AMERICA. 


This  Extract  is  supplied  to  the  Britisli,  German,  French,  Russian,  Dutch,  Italian,  and 
■other  Governments,  in  preference  to  all  other  Extracts. 

One  Pound  of  the  Jixtracc  contains  the  soluble  parts  of  34  lbs.  of  Fine  Beef,  free  from 
fat  and  gelatine. 

It  is  not  only  used  for  medical,  but  much  more  extensively  used  for  household  purposes 
;and  is  the  cheapest  and  finest  flavoured  stock  for  soups,  entrees,  sauces,  &c. 

DECLARATION. 

We  the  undersigned,  hereby  declare  that  LIEBIG  COMPANY'S  EXTRACT  OF  MEAT, 
from  FRAY-BENTOS,  as  hitherto,  muse  be  examined  and  approved  by  us,  before  it  can  be 
■delivered  to  consumers  ;  and  tliat  consequently.  The  Extract,  prepared  strictly  according  to 
the  instructions  o!  the  inventor,  will  also  in  future  always  be  of  the  same  aclcnowledged 
uniform  excellence  and  perfection  as  hitherto. 

Muindii,'May  1873. 


CAUTION. 

Bvery  genuine  Jar  bears  on  the  Certificate  Label  round  the  Capsule,  the  above- 
mentioned  two  Signatures  of  PROFES.SOR  DR.  MAX  VOX  PETTE.XKOFER  and 
B.\RON  HERMANN  VON  LIEBIG.  and  across  the  Trade  Mark  Label  the  fac-similo  of 
the  inventor,  BARON  JUSTUS  v.  LIEBIG,  in  blue. 

Sold  by  all  Grocers,  Italian  Warehousemen,  Chemists,  Provision 
Merchants,  and  Ship  Chandlers. 
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GEYELIN'S 

OTCEITEATED  FOOD 

FOR  THE  MILLION. 


10  PRIZES. 


10  PRIZES. 


SOUPS. 

(Julienne.) 
These  Soups  are  used 
all  the  year  round,  and 
are,  in  fact,  a  necessari/ 
to  improved  and  eco- 
nomic cookery,  as  evi- 
denced by  the  adoption 
by  all  the  prmcipal 
cooks  in  this  and  other 
countries. 

Can  be  obtained  through  all  Chemists  and  Grocers,  or  at  their  Warehouse,  in  Canisters, 
or  2d.  Packets,  at  the  following  prices  : — 
SOUPS.  Df  CAXisTEKS     f    MILK  FOOD. 

Tapioca  Beef  BouiUon  ..\  g ? "\  of  5  pints  1/-  each  I     Tapioca  and  Cream 
Arrowroot  Beef  Bouillon  lag!     12   „    2/3    „   J  Powder. 

Bevalenta   f  '3  S  "  "    I  Chocolate  Cream  Powder. 

Pea  Soup    "   J  Ph  t2  »    8/fi   „    I      Coffee  and  Cream 

MulUgatawny  Soup   J    100   „  IC/-    „    I  Powder. 

•  Size  recommended  for  Family  use;  each  Canister  contains  a  measure  for  one  pint  of  Food. 


MILK  FOOD, 

Which  is  manufactured 
on  the  same  principle  as 
their  celebrated  Beef 
Gravies,  in  a  dry  Pow- 
der, ■vvill  keep  for  years, 
and  is  highly  esteemed 
for  Breakfast,  or  Infants' 
and  Invalids'  Diet. 


The  above  Soups  and  MiDc  Food  may  now  also  be  obtained  in 

TWOPENNY  PACKETS 

Each  making  a  Pint  of  substantial  and  nutritious  Food, 


The  Soups  are  used  also  for  Enriching,  Thickening,  and  Colouring  Gravies, 
Stews,  Hashes,  Minces,  Meat  Puddings,  Pies,  ^c. 

Packets  in  Paper  Boxes  of  Quarter-Gross   C«. 

And  in  Wood  Boxes  of  One  Gross  Packets   24j. 

Sample  Boxes,  containing  Six  Packets  of  different  Soups  and  Milk 
Food,  Is.  6d.  post  free. 


&ETELn  &  CO.,  Concentrated  Eood  Manufacturers^ 

LONDON  :  BJSLGBAVE  HOUSE,  ABGYLB  SQXJABE,  W.C. 
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WILLIAM    BAILEY   &  SON 

BY  APPOINTMENT,  ' 

Manufacturers  of  Chemicals  for  TelegrapMc,  PhotograpMc,  Pvro- 

techmc,  and  other  purposes.   Contractors  to  Her  Majesty's  War  Office 
Admiralty,  Post  Office,  India  Office,  and  other  Government  Departments' 
Also  to  the  principal  Eaihvay  and  Telegraph  Companies  in  Great  Britain! 
Great  attentimi  is  given  to  the  3Ianufacture  of  Chemicals  and  other 
Preparations  for  Coimnercial  and  Scientijic  Use. 

Works-HORSLEY  FIELDS,  WOLVERHAMPTON. 
London  Offices-  2  &  3  ABCHURCH  YARD,  CANNON  ST.,  B.C. 

The  folloioing  Specialities  are  jHirticularly  recommended. 
BAILEY'S  TANNATE  OF  SODA,  for  preventing  Incrustations  in  Steam 

BAILEY'S  CLEANSING  POWDEE  possesses  very  remarkable  detergent 

Wnnrt'^^l'^Mpfn,  f  Ji'l"  1°'??*^'^  ''^^^'^  °^  "-^^  ^■'^ter,  Cleanses  every  variety  of 

Wood  or  Metal  to  which  it  may  be  apphed.   Price  28*.  ricu  Cwx. 

BAILEY'S  SANITAEY  FLUID  is  specially  adapted  for  Purifying  the 
Atmosphere  in  Factories,  Workshops,  Hospitals,  and  Public  Institutions,  and  for  dis- 
infectmg  piirposes  generally.   PiuCK  U.  Gd.  PEU  Gallon. 


DINNEFORD'S    FLUID  MAGNESIA. 

Por  Thii-ty  Years  the  Medical  Profession  have  approved  of  this  pure  Solution  as 

the  best  remedy  for 

ACIDITY  OF  THE  STOMACH,  HEARTBURN,  HEADACHE,  GOUT,  &  INDIGESTION, 

And  as  a  mild  Aperient  for  delicate  Constitutions,  especially  adapted  for  Ladies,  Children,  and 
Infants.   When  combined  with. 

THE  ACIDULATED  LEMON  SYRUP, 

It  forms  a  most  agreeable  effervescing  draught,  in  which  its  aperient  and  cooling  qualities 
are  much  increased.  In  warm  seasons  and  warm  climates,  this  simple  preparation,  when 
taken  REGULARLY,  has  been  found  highly  beneficial. 


DINNEFOED  &  CO.,  Chemists  &c.,  172  New  Bond  Street,  London. 

Soldby  all  respectable  Chemists  throughout  the  World. 
CArnox.-Sce  that  'DINNJ3F0RD  &  CO.'  is  on  each  Bottle,  and  Bed  Label  over  the  Coirk. 
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SANITARY  WATER  SUPPLY 

For  Town  and  Country  Residences,    Large  Buildings, 

Villages,  &e. 

MESSRS.  ATKINS  &  CO. 

Invite  attention  to  their  new  Improved  System,  recently  patented.  Tiin 
most  perfect  method  of  insuring  abimdance  of  pure  water  yet  introduced. 

Advice,  Drawings,  and  Estimates  for  Filtration  of  Water  upon  any  scale 
and  for  any  purpose. 

PROSPECTUS  FREE. 

^-S-  The  Only  System  in  use  at  the  Royai  College  of 
Surgeons,  Royal  Navy,  Lighthouses,  Indian  Army,  State 
Railways,  do. 


H  o  u  s  x:;  1 1  o  L  i>    filters    from:  6s. 

ATKINS  &  CO. 

Hydraulic  &  Sanitary  Engineers, 

62  FLEET  STREET 

LOIVI>0]X,  E.C 
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TOWISOI^  &  lERCER, 

89  Bislwpsgate  Street  Within, 

LONDON, 

WHOLESALE  AND  EXPORT  DEALERS 

IN 

CHEMICAL  AND  SCIENTIFIC  APPARATUS. 


Manufacturers  and  Importers  of  Pure  Chemicals  and  Graduated 
Instruments  for  Analysis  and  the  Laboratory  Use  of  Manu- 
facturers, Mines,  Universities,  Colleges,  Medical  OfBcers  of 
Health,  &c. 

Manufacturers  of  Electrical,  Galvanic,  and  Philosophical  In- 
struments. 


ILLUSTEATED  CATALOGUES,  Price  3d 


The  Instruments  and  Apparatus  used  in  Dr.  HASSALL'S 
Laboratories  are  obtained,  for  tlie  most  part,  from  l^essrs. 
TOWI^SON  d  I^ERCER. 


Adoertiseinents. 
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FRIZE  MEDAL 

TOILET  SOAPS  &  PERFUMERY. 

yardleyTco., 

ESTABLISHED  UPWARDS  OF  100  YEARS, 

FANCY   SOAP  MAKERS 
AND  PERFUMERS, 

7  VINE  ST.,  BLOOMSBURY,  LONDON,  W.C. 

And  5  RUE  DU  GRAND  CHANTIER,  PARIS, 

MiNDFAGTURE  HIGH-GLASS  SOAPS  ONLY, 

And  respectfully  direct  the  attention  of  the  Public  to  the  fol- 
lowing Specialities,  which  have  for  many  years  borne  the 
highest  reputation  for  exquisite  fragrance,  healthy  action  on 
the  skin,  and  improvement  to  the  complexion  :— 


Choice  Old  Brown  Windsor 
Musk  Scented  Windsor 
Pure  Glycerine  Soap 
White  Glycerine  Soap 
Patent  Sunflower  Oil  Soap 
Elder  Flower  Soap 
Turtle  Oil  Soap 


Oatmeal  Soap 
Otto  of  Rose  Soap 
Genuine  Honey  Soap 
Cold  Cream  Soap 
Medicinal  Carbolic  Acid  Soap 
„     Stockholm  Tar  Soap 
Sulphur  Soap 


Kaolin  and  Myxodine,  especially  adapted  for  Children  and  Ladies'  use. 

ALSO  EVERY  DESCRIPTION  OF 

ESSENCES,   LAVEISTDEH  WATER, 

WASHES  AND  POMADES  FOR  THE  HAIR. 

CHERRY  TOOTH  PASTE,  VIOLE'!^  POWDER,  &c.  &c. 


'^^  Advertisements. 


Just  Commenced, 
In  Monthly  Parts,  price  7d.  and  8^d. 

MCTIOMETofraOKERT. 

lUustrated  w^h  PULL-PAGE  COLOURED  PLATES  and  nume- 
rous  ENGRAVINGS,  and  containing  nearly  Ten  Thousand 
Eeceipts  in  every  Department  of  British,  Continental,  and  American 
Cookery,  being  sbterai  thousand  moue  than  are  contained  in  any 
existing  work.  •' 

'  Cassbll's  Dictionaet  of  Cookeet  begins  excellently  well,  and  when 
completed  should  be  a  teub  household  TB^svRE.'—IUusiraied  London  News. 

'  Of  all  the  things  in  the  army  that  go  wrong,  cookjng  goes  most  wrong. 
We  commend  Oasseixs  Dictionaby  op  Cookeet  to  aU  sergeant- cooks  and 
aJl  sensible  officers'  wives.'— iVam^  and  Military  Gazette. 

'  "Meg  Dods."  and  "FrancatelH"  are  all  very  well,  but  for  households 
of  all  classes  commend  us  to  Cassbix's  Dictionaet  of  Cookery.' 

Edinburgh  Daily  Eeview. 
'  Those  who  study  Cassbll's  Dictionaey  of  Cookeey,  which  contains 
instructions  suited  to  all  classes,  and  yet  are  unable  to  produce  appetising, 
wholesome,  and  elegant  repasts,  must  be  stupid  mAce&.'—Northam'pton  Mercury. 
V  Order  PART  I.  {including  Coloured  Plate),  price  8^d. 
CASSELL,  PETTER,  &  G-ALPIN,  Ludgate  HiH,  London. 


In  Monthly  Parts,  price  7d.  and  8id. 

CASSELL'S  ILLUSTRATED 

HISTORY  OF  INDIA. 

V  SPECIAL  NOTICE.— With  Part  I.  of  CASSELL'S  ILLI7STEATED 
HISTOEY  OF  INDIA,  price  S^d.,  is  issued,  as  a  PRESENTATION 
PLATE,  a  life-like  PORTRAIT  of  HIS  ROYAL 
HIGHNESS  the  PRINCE  OF  WALES,  produced 
in  the  best  form  of  Art,  and  uniform,  in  size,  style,  and  quality, 
with  the  valuable  Portrait  of  HER  MAJESTY,  issued  with  Part  I. 
of  'Cassell's  History  of  England,'  to  which  it  is  intended  that  the 
Portrait  of  the  Prince  shall  form  a  COMPANION  PICTURE. 


CASSELL,  PETTER,  &  GALPIN,  Ludgato  Hill,  London 
and  all  Booksellers. 
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PURE  SOLU 

Y^N  HOUTEN'S  COCOA 
T  has  been  introduced  for  some 
years  as  the  only  guaranteed  pure 
Soluble  Cocoa,  and  by  all  who  are 
now  acquainted  with  it  it  is  appre- 
ciated as  far  superior  to  any  other 
Cocoa  in  the  market. 

Most  of  the  other  Cocoas  are  mixtures 
of  Cocoa,  Starch,  Sugar,  &c.,  and 
a  comparison  of  them  with  VAN 
HOUTEN'S  COCOA  will  at  once 
teach  the  most  vitiated  in  taste — 

That  a  piire  Cocoa  is  something  very 
different  from  what  they  are  sup- 
plied with  as  Cocoa. 

No  reference  is  made  here  to  the  great 
prai  se  bestowed  on  VAN  HOU  TEN'S 
COCOA  by  the  Lancet  and  other 
competent  authorities,  but  the  pub- 
lic may  judge  for  themselves  by  ob- 
taining, free  of  charge,  sample  bot- 
tles, containing  sufficient  for  six 
large  cups,  from  their  own  Grocer  or 
Chemist,  or  from  the  Chief  Depot 
of  VAN  HOUTENS  COCOA,  at  6 
and  7  Coleman  St.,  London,  E.C. 

VAN  HOUTEN'S  COCOA  will  prove 
to  them — 

That  Cocoa  ca.n  be  both  pure  and 
soluble. 

That  it  can  be  made  simply  with  boil- 
ing water  instantaneously. 

That  it  forms  one  of  the  most  deli- 
cious beverages. 

That  such  pure  Cocoa  is  the  most 
nutritious  article  of  food,  and  is 
easily  assimilated  by  ever  so  deli- 
cate a  digestion. 

That  One  Pound  is  sufficient  for  100 
breakfast  cups. 

That,  in  short,  it  excels  in  quality 
and  relalive  cheapness  every  other 
known  Cocoa. 


BLE  COCOA. 


A  little  acquaintance  with  Van  Houten's 


For  the  poor  such  Cocoa  will  become 
an  inestimable  boon,  as  thousands 
can  be  provided  with  this  wholesome 
and  agreeable  drink  at  a  moment's 
notice  and  at  a  very  small  cost. 

Those  interested  in  spreading  tempe- 
rate habits  are  particularly  invited 
to  study  the  merits  of  PUKE  SOLU- 
BLE COCOA,  and  it  may  be 
predicted,  if .  once  the  public  are 
familiar  with  the  true  qualities  of 
Cocoa,  that  Cocoa  will  become  one 
of  the  most  popular  drinks. 

Sold  (full  weight)  in  1  lb.,  ^  lb.  and 
lb.  Tins,  3s.  Oc/.,  2s.,  and  Is.,  by 
Grocers  and  Chemists. 

Each  Tin,  as  well  as  each  Sample  Bottle, 
bears  as  guarantee  the  signature  of 
C.  J.  VAN  HOUTEN  and  Zoon. 

WHOLESALE:  LONDON.— Barclay 
and  Son,  Crosse  and  Blackwell,  W. 
Edwards,  E.  Lazenby  and  S  ^n. 
Edward  Pink,  J.  Sanger  and  Sons, 

LEEDS. — Goodall,  Backhouse,  and  C'  i. 

LIVERPOOL^— W.Tl^l?lcet,  Benu's 
Gardens. 

EDIN B UEGH"^^icr  GLASGOW.  - 
George  Ballantine  and  Son. 

DUBLIN.  —  Alexanders  and  Co., 
Samuel  Bewley  &  Co.,  Hugh  I^Ioro 
and  Co.,  T!i.  McDonnell  and  Co., 
A.  Woods  and  Co. 


Cocoa  will  also  teach  its  importance 
as  a  stimulant  and  life-preserving 
commodity,  and  its  value  can  hardly 
be  overrated  when  people  have 
learned  to  understand  that  one  can 
live,  in  cases  of  need,  for  days  and 
weeks  on  pure  soluble  Cocoa  (and  if 
no  boiling  water  is  at  hand,  by  eat- 
ing it).  Therefore,  whether  at  sea, 
in  mines,  in  the  camp,  or  on  the 
march,  one  can  always  guard  one's 
self  against  starvation. 
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Possessing  all  the  properties  of  the  Finest  Arrowroot, 
and  serving  all  its  uses. 

BROWN  &  POISON'S 
CORN  FLOUR 

HAS  TWENTY  YEAES'    WORLD-WIDE  REPUTATION. 

Cheaper  kinds  recommended  to  the  trade  by  the  one  merit  of 
allowing  extra  profit,  are  sometimes  supplied  instead  of  BROWN 
A.ND  POLSON'S.     Every  Genuine  Packet  bears  the  fac-simile 


signatures 


For  Puddings,  Light  Sujppe'i\  Breakfast,  ^x. 

BROWN  &  POLSON'S 
PEARLINA 

IS    HIGHLY    NUTRITIVE    AND    EASY    OF  DIGESTION. 

PEARLINA  is  rich  in  nitrogenous  properties,  out  of  whicli  bone, 
tnuscle,  and  nerve  are  formed,  and  when  used  alternately  with 
BROWN  &  POLSON'S  CORN  FLOUR,  of  which  the  properties 
are  heat-giving,  supplies  all  that  can  be  desired  for  completeness  of 
diet.    It  is  specially  useful  for  children  and  invalids. 


SOLE  LONDON  ADDRESS— 

QUEEN    VICTORIA   STREET,  E.C 


vilcy  Dunn  &.  Wilson  Ltd 


